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Moiitjioiiiery  and  Von  Haam  (p.  308) 
found  the  Papanieolaon  technic  adeipiate 
for  dianaosis  of  oral  carcinoma  in  thirteen 
of  fifteen  cases.  The  uninvolved  oral  mu¬ 
cosa  was  not  sijjnificantly  different  in  its 
exfoliative  cytology  from  that  of  normal, 
cancer-free  mouths.  While  it  is  too  early 
to  suggest  that  this  demonstrates  that  the 
general  condition  of  the  oral  mucosa  is  not 
changed  (as  indicated  by  exfoliative  cy¬ 
tologic  studies)  as  precursor  to  carcinogene¬ 
sis,  it  does  suggest  that  this  technic  may 
not  be  adecpiate  to  demonstrate  such  a 
change  if  one  exists.  The  fact  that  smears 
from  the  center  of  the  lesion  are  more  use¬ 
ful  than  smears  from  the  growing  edges 
in  contrast  to  biopsy  which  is  more  valu¬ 
able  when  taken  from  the  growing  border 
is  indicative  of  the  general  revision  of  tech¬ 
nics  often  necessary  when  laboratory  meth¬ 
ods  are  varied. 

Manly  and  Vinton  (p.  314)  conducted  a 
study  of  the  chewing  ability  of  one  hun¬ 
dred  denture  wearers.  All  of  their  data  and 
discussion  will  be  of  value  to  those  who 
make  dentures.  Their  findings,  that  clin¬ 
ical  excellence  of  dentures  and  chewing 
efficiency  are  correlated,  should  continue  to 
encourage  excellence  of  dental  work. 

The  eruj>tion  of  teeth  has  been  investi¬ 
gated  in  a  number  of  ways,  both  experi¬ 
mental  and  observational.  Engel  (p.  322) 
approached  the  problem  through  histochem- 
ical  stmlies.  Hyaluronic  acid  and  carbo- 
hydrate-protein  complexes  appear  to  be  im¬ 
portant  components  of  the  tissue  surround¬ 
ing  developing  teeth.  Changes  in  this 
ground  substance  brought  about  by  hor¬ 
monal  or  other  influences  may  affect  the 
lione  and  epithelium  overlying  erupting 
teeth.  It  is  postulated  that  the  diffusion 
of  glycoprotein  residues  into  the  circulation 
may  produce  fever  and  malai.se  at  the  time 
of  tooth  eruption. 

(lohinmn  (p.  331)  descril)es  and  illustrat«‘s 
the  gingival  fibers  from  study  of  two  mon¬ 
keys  and  a  human  subject.  The  gingival 
fil)ers  are  assigned  the  roles  of  sustaining 


the  gingivae  again.st  masticatory  forces  and 
of  resisting  apical  proliferation  of  the  epithe¬ 
lial  attachment.  Further  studies  of  the 
changes  in  the  fil)er  bundles  under  pathologic 
conditions  (produced  either  experimentally 
or  acquired  naturally)  may  shed  further  light 
on  the  functional  activities  of  these  fibers 
in  disease  and  on  their  reconstructive  possi¬ 
bilities  in  healing  periodontal  wounds. 

Gorlin  and  I..evy  (p.  337)  found  profound 
changes  in  chondrogenesis  and  osteogenesis 
of  rats  on  a  vitamin  B  complex  deficient 
•liet.  The  changes  which  they  observed  in 
the  studies  of  the  mandibular  joint  and  peri¬ 
osteum  included  atrophy  of  connective  tis¬ 
sues  and  bone  marrow  and  some  resorption 
of  cementum  and  dentin.  Refeeding  of  ade¬ 
quate  diets  resulted  in  rapid  resumption  of 
chondrogenesis  and  osteogenesis  and  repair 
of  the  cementum  and  dentin  by  a  cementum- 
like  substance.  The  changes  which  took 
place  were  not  spe<Mfic  but  were  more  severe 
than  those  changes  which  result  from  plac¬ 
ing  animals  on  quantitatively  restricted  diets. 

Backer  Dirks,  Van  Amerongen,  and  Wink¬ 
ler  (p.  346)  outline  a  method  for  caries 
evaluation  in  groups  of  individuals  under 
therapy.  Using  reproducible  bite-wing  radio¬ 
graphs  they  utilize  only  the  interproximal 
areas  of  molars  and  premolars  but  show  a 
standard  error  of  only  one-half  per  cent. 
With  increasing  rwommendations  for  caries 
control  methods,  the  need  for  accurate  evalu¬ 
ation  is  evident.  When  therapeutic  agents 
for  which  10  to  20  per  cent  reduction  in 
caries  rates  is  claimed  are  being  evaluated 
it  is  obvious  that  methods  having  standard 
errors  approaching  this  amount  are  value¬ 
less.  Further  studies  of  the  method  utilized 
by  Backer  Dirks,  Van  Amerongen,  and  Wink¬ 
ler  are  reported  in  progress. 

Using  thr«‘e  dogs,  Hord  and  Ellis  (p.  360) 
have  demonstrated  that  an  aqueous  solution 
of  sodium  duoride  (2  Gm.  per  100  c.c.)  ap¬ 
plied  topically  eight  times  results  in  a  sig- 
nidcantly  higher  fluoride  content  in  the 
enamel  and  subjacent  dentin.  The  amount  of 
fluorine  adsorbed  onto  or  incorporated  iptp 
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enaniel  under  various  conditions  might  be 
used  to  evaluate  methods  of  using  fluorides 
for  caries  control  if  we  assume  that  the 
highest  fluorine  content  of  enamel  affords  the 
highest  degree  of  protection.  Teeth  ex¬ 
tracted  from  children  and  adults  (for  ortho¬ 
dontic  and  prosthetic  reasons)  might  offer 
useful  evidence  in  cities  with  artificially  flu¬ 
oridated  waters. 

In  the  April  issue  of  the  JorRNAL  OF 
Dkxtal  Research,  two  papers  by  Palmer, 
Overstreet,  and  Sacks  on  the  effects  of 
various  studies  on  the  solubility  of  enamel 
were  published.  The  third  paper  in  this 
series  appears  on  page  36.3.  As  commented 
in  the  April  issue,  the  authors  found  that 
acidulated  fluorides  were  more  effective  than 
nonacidulated  fluorides  in  reducing  solubility 
of  enamel  in  acid.  This  finding  is  contrary 
to  clinical  results.  It  would  be  of  value  to 
carry  out  further  studies  of  the  effects  of 
varying  technics  in  applying  fluorides.  Such 
a  study  might  explain  the  difference  between 
the  findings  of  Palmer,  Overstreet,  and  Sacks 
and  those  of  clinical  investigators. 

Adler,  with  the  collaboration  of  Sarkany, 
Toth,  Straub,  and  Szeverenyi  (p.  368),  pre¬ 
sents  the  picture  of  caries  rate-fluoride  level 
of  water  supplies  in  Hungary,  a  country 
with  a  low  caries  experience.  As  in  the 
United  States,  Greece  (p.  225,  April),  and 
other  regions,  increased  fluoride  content  of 
waters  (to  an  optimal  level)  shows  lowered 
caries  activity.  Using  migrants,  it  was  found 
that  fluoride-containing  waters  should  be  con¬ 
sumed  before  age  6  to  produce  appreciable 
protective  effects.  The  term  eufluorosis  is 
proposed  to  indicate  optimal  fluoride  ef¬ 
fect.  Like  Klein  (Science  105:  4,  1947), 
Adler  questions  whether  there  are  not  fac¬ 
tors,  possibly  water  borne,  which  increase 
caries  in  certain  communities. 

Keller,  Hunt,  and  Hoppert  (p.  382)  found 
that  the  upper  molars  of  caries  resistant  and 
susceptible  rats  (genetically)  have  less  re¬ 
sistance  to  caries  than  the  lower  molars. 
Only  4  per  cent  of  the  resistant  rats  devel¬ 
oped  caries  in  their  upper  molars,  while  48 
per  cent  of  the  susceptibles  developed- caries 
in  these ,  teeth.  All  the  susceptible  rats  de¬ 
veloped  caries  in  the  lower  molars,  while 
twelve  of  sixty-eight  resistant  rats  failed  to 
develop  lower  molar  decay.  The  reason  for 


the  differences  in  caries  resistance  may  be 
position,  as  suggested  by  the  authors,  or  it 
may  be  morphology  or  some  other  factor. 

Ammoniated  agents  (including  dentifrices, 
mouth  washes,  lozenges,  and  chewing  gum) 
are  available  and  advertised  as  caries  con¬ 
trol  agents.  If  for  no  other  reason,  this 
should  stimulate  interest  in  salivary  ammonia. 
Ballantyne,  Clegg,  Rae,  and  Lawford  (p. 
385)  have  reported  on  ammonia  production 
in  saliva.  They  found  that  salivary  am¬ 
monia  is  increased  five  to  ten  times  after 
incubation  at  37°  for  twenty-four  hours  but 
that  the  ammonia-producing  agent  is  re¬ 
moved  by  Seitz  filtering  and  irreversibly 
inactivated  by  heating  to  50°  for  twenty- 
four  hours.  They  seem  to  believe  that  the 
ammonia-producing  mechanism  is  resident  in 
the  bacterial  flora.  The  ammonia-saliva- 
caries  problem  is  not  yet  satisfactorily  cleared 
up.  We  would  like  to  see  it  thoroughly  in¬ 
vestigated  on  a  basis  acceptable  to  those  on 
both  sides  of  the  controversy. 

Morgan  and  Norris  (p.  388)  give  meth¬ 
ods  for  determination  of  urea  and  am¬ 
monium  salts  in  dentifrices.  The  usefulness 
of  such  teclmics  is  obvious. 

Chernausek  and  Mitchell  (p.  393)  brushed 
teeth  of  hamsters  with  control  and  “am¬ 
moniated”  dentifrices  once  per  day  for  one 
hundred  days.  Comparable  reduction  in 
caries  activity  was  seen  with  either  denti¬ 
frice.  However,  addition  of  1  per  cent  di¬ 
basic  ammonium  phosphate  and  0.6  per  cent 
urea  to  the  dietary  of  the  animals  produced 
further  reduction  in  caries  scores.  The  ques¬ 
tion  of  validity  of  the  hamster  studies  can 
well  be  raised.  If  hamsters  are  shown  to  give 
results  reasonably  comparable  to  those  to  be 
expected  in  man,  then  the  animal  should  of¬ 
fer  an  excellent  laboratory  method  for  pilot 
studies  of  caries  control  technics.  Further 
investigations  of  the  “sex-factor,”  genetic 
effects,  and  other  factors  should  be  encour¬ 
aged  so  that  this  laboratory  animal  can  be 
evaluated  more  adequately  as  a  subject  for 
caries  control  studies. 

In  a  limited  in  vivo  test.  King  (p.  399) 
demonstrated  that  tetradecylamine  reduced 
plaque  formation  when  used  as  a  dentifrice. 
This  decrease  in  plaque  production  occurred 
to  a  greater  degree  than  with  a  paste  denti¬ 
frice,  in  spite  of  the  absence  of  abrasives 
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from  tlie  tetraflm-viamiiie  solution.  The  pos- 
sihility  of  this  as  a  caries  prophylactic  is 
evident.  The  possible  usefulness  of  a  sub¬ 
stance  such  as  tetra<lecyl amine  in  a  liquid 
dentifrice  as  a  means  of  preventing  brown 
pellicle  is  also  worthy  of  consideration. 

An  intensive  study  of  bicarbonate  as  a  sal¬ 
ivary  buffer  is  reported  by  Wah  Leung 
(p.  403).  The  author  considers  bicarbonate 
as  the  chief  buffering  agent  of  saliva  be¬ 
cause  of  its  ready  decomposition  by  acids. 
This  basic  study  of  salivary  buffers  is  a 
valuable  contribution  to  our  knowledge  of  the 
physiology  and  chemistry  of  .saliva.  One  of 
our  chemical  referees  characterized  it  as 
“high-clas.s.  ” 

The  human  saliva  is  populated  by  a  di¬ 
verse  group  of  microorganisms.  Many  patho¬ 
gens  and  nonpathogens  have  been  isolated  in 
the  human  saliva  and  the  possible  impor¬ 
tance  of  the  saliva  as  a  screener  of  bacteria 
lias  been  .suggested.  When  new  types  of  or¬ 
ganisms  interest  bacteriologists,  the  possi¬ 
bility  of  them  being  inhabitants  of  the 
mouth  is  worthy  of  investigation.  Pleuro¬ 
pneumonia-like  organisms  have  been  identi¬ 
fied  as  causative  agents  of  certain  bovine  dis- 
ea.ses,  but  little  is  known  of  the  importance 
of  these  organisms  in  human  diseases.  Mor¬ 
ton,  Smith,  Williams,  and  Eickenberg  (p. 
415)  cultivated  pleuropneumonia-like  organ¬ 
isms  from  the  salivas  of  forty-six  of  one 
hundred  individuals.  They  found  no  correla¬ 
tion  between  the  la<*tobacillus  count  and  the 
presence  of  PPLO.  We  must  add  to  the 
known  organisms  which  often  inhabit  the 
human  mouth  the  PPI..O  group  and  must  not 
overlook  their  possible  role  in  disease  and 
their  possible  symbiotic  or  antibiotic  rela¬ 
tionship  in  the  saliva. 

Ennever  (p.  423)  consistently  isolated 
from  dentobacterial  plaques  colonies  of  or¬ 
ganisms  meeting  the  description  of  Micro- 
cotrus  lactilyticus.  Douglas  (.7.  I).  Ees.  29: 
304,  1950)  luid  previously  i.solated  this  acid 
consumer  from  the  .saliva,  but  as  Ennever 
points  out  caries  begins  beneath  the  plaque, 
not  in  the  g«‘n(*ral  environment  of  saliva.  A 
gram-positive  reaction  was  denionstrat»*d  for 
the  organism,  confirming  the  termination  of 
this  organism  as  Micrnroccus  lactUyticus. 

Young,  Kesca,  and  Sullivan  (p.  426)  found 
yeasts,  chiefly,  Candida  albicans,  in  the  salivas 
of  ap{)roximately  one-half  of  584  college 
students.  They  were  able  to  demonstrate  a 
dire<‘t  relationship  between  salivary  acidity 


and  the  occurrence  of  yeasts,  but  their  re¬ 
port  of  fifty  individuals  with  salivary  pH  of 
less  than  6.0  and  six  salivas  at  pH  5.0  is 
questionable.  This  is  not  in  agreement  with 
most  investigators  using  methods  accepted 
as  more  reliable  than  indicator  paper.  It  is 
generally  recognized  that  enamel  is  highly 
solul)le  at  pH  5  and  in  the  six  mouths  at 
this  high  acidity  ilisintegration  of  the  tooth 
crown  would  be  expected.  The  finding  of 
yeasts  in  half  the  mouths  examined  may  be 
useful  in  evaluating  reports  of  thrush  on  the 
tongues  of  individuals  using  antibiotics,  sup- 
po.sedly  because  the  bacteria  are  suppressed, 
permitting  increased  proliferation  of  fungi. 
Since  48  per  cent  of  mouths  of  healthy  in¬ 
dividuals  show  yeasts,  the  isolation  of  yeasts 
from  diseased  mouths  is  not  evidence  of 
pathologic  activity,  per  se. 

Villa  (p.  431)  describes  a  simplified 
method  for  preparing  sections  of  enamel 
matrix  from  human  teeth.  Adequate  prepa¬ 
rations  of  enamel  are  difficult  to  obtain  and 
the  rather  simple  method  described  seems  to 
overcome  some  objections  to  standard  meth¬ 
ods.  The  author  presents  photomicrographs 
that  give  adequate  evidence  of  the  effective¬ 
ness  of  the  method. 

Klein,  Trautz,  Addelston,  and  Fankuchen 
(p.  439)  describe  the  apparatus  and  method 
used  for  x-ray  diffraction  study  of  tooth 
structure.  Others  have  studied  the  x-ray  dif¬ 
fraction  pattern  of  enamel  and  dentin  but 
this  apparatus  and  method  offer  an  oppor¬ 
tunity  for  more  detailed  studies  in  selected 
regions  of  the  tooth. 

Hilda  (p.  445)  found  that  the  Manly- 
Hodge  flotation  method  was  not  adequate 
for  .separation  of  enamel  and  dentin  of  rat 
molars.  Procedures  were  devised  to  increase 
the  effectiveness  of  the  separation.  The  au¬ 
thor  warns  that  the  Manly-Hodge  flotation 
method  should  not  be  applied  empirically  to 
the  teeth  of  different  experimental  animals. 

The  Thirtieth  .\nniversary  of  the  founding 
of  the  Chicago  Seidion  of  the  International 
Assoidation  for  Dental  Kesearch  was  com¬ 
memorated  in  an  exhibit  on  display  at  the 
Chicago  Dental  Society’s  1951  Mid-Winter 
Mt*eting. 

On  May  29,  the  Ziskin  Memorial  Kesearch 
Laboratory  at  Tufts  College  Dental  School 
was  dt'dicated  to  the  memory  of  Dr.  Daniel  C. 
Ziskin,  a  frequent  contributor  to  dental  sci¬ 
ence  and  to  this  Journal. 
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A  STUDY  OP  THE  EXFOLTATIVE  UYTOLOOY  IN  PATIENTS  WITH 
CARCINOMA  OF  THE  ORAL  MUCOSA 

PAUL  W.  MONTGOMERY,  D.D.S.,  M.S.,  AND  E.  vox  IIAAM,  M.D. 

From  the  Departments  of  Pathology  and  Dentistry,  Ohio  State  University,  Columbus,  Ohio 

SINCE  tlie  use  of  the  eytolo^ie  smear  lias  heeome  so  ])opular  as  an  aid  in 
diaffiiosis  of  eareinoma  of  the  eervix,  uterus,  and  certain  other  areas  of  the 
body,  it  seemed  lop:ieal  that  the  method  mijjht  also  he  useful  in  the  study  and 
diajjnosis  of  eareinoma  of  the  oral  cavity.  For  this  investig:ation  fifteen  patients 
with  oral  eareinoma  were  chosen  and  cytologic  smears  were  prejiared  from  the 
lesions  and  the  six  normal  areas  of  the  mucosa  according  to  the  technic  described 
by  Montgomery.^  These  smears  were  fixed  and  stained  by  the  method  outlined 
by  Papanicolaou  and  Traut.^  Differential  counts  of  the  types  of  epithelial  cells 
found  were  made  and  a  detailed  study  of  the  individual  cells  obtained  from  the 
lesion  was  undertaken. 

The  pertinent  clinical  data,  a  gross  deserijition  of  the  lesions,  and  the  biopsy 
diagnosis  are  summarized  in  Table  I. 

It  is  interesting  to  note  that  all  these  jiatients  were  white  and  with  one  ex¬ 
ception  they  were  men.  Their  ages  varied  between  57  and  94  years.  The 
duration  of  the  lesions  varied  between  two  months  and  sixteen  years,  although 
some  of  the  data  are  vague  and  unreliable.  The  regions  most  frequently  in¬ 
volved  were  the  mucosa  of  the  cheek,  the  lower  lij),  and  the  mucosa  of  edentulous 
ridges.  Nine  patients  showed  lymph  node  metastasis  at  the  time  they  came 
under  our  observation.  Biopsies  were  performed  in  twelve  eases.  One  ])atient 
refused  surgery  and  two  others  were  considered  far  advanced  and  inoperable. 
Eleven  of  the  twelve  biopsies  showed  s(piamous  cell  eareinoma.  Five  patients 
had  been  treated  previously  by  surgery  or  irradiation  before  we  bad  the  oppor¬ 
tunity  to  examine  them. 

Smears  were  prepared  from  the  lesions  in  all  fifteen  eases  and  from  the 
six  normal  sites  in  thirteen  of  the  eases.  The  differential  counts  of  both  the 
normal  and  pathologic  areas  of  the  thirteen  eases  are  listed  in  Table  II.  The 
figures  under  N  represent  differential  counts  of  smears  from  normal  areas  and 
the  figures  under  L,  those  from  the  lesions. 

Statistical  comparison  of  differential  counts  from  normal  areas  in  these 
mouths  of  patients  with  corresjmnding  areas  of  healthy  individuals  was  done 
by  the  Statistics  Laboratory  of  Ohio  State  University,  using  a  formula  similar 
to  that  a])i)lied  in  the  study  of  leueoplakia.®  Similarly,  the  normal  areas  of 
the  mouths  of  cancer  ])atients  were  comi)ared  with  the  normal  areas  of  pa¬ 
tients  with  leueoi)lakia.  The  significant  differences  are  marked  by  one 
asterisk  in  Table  HI.  Those  values  marked  by  two  asterisks  signify  that  a 
more  extensive  experiment  might  lead  to  significant  differences  in  these  means. 

This  investiKation  was  supiKirted  by  a  teaching-  aid  grant  from  the  National  Cancer 
Institute  of  the  Public  Health  Service. 

Received  for  publication,  Oct.  5,  1950. 
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Table  III 

T-VaU'ES  ok  Pekcextace  Distkibetiox 


AKEA 

CELL  1 
TYPES 

MEAN'S  1 

T-VAU'ES 

NORMAL 

LEUrOPLAKIA 

1 

CANCER  1 

NORMAL-  1 
CANCER  1 

LEl'COPLAKIA- 

CANCER 

Soft 

Blue  I 

50.8 

21.9  1 

17.6 

1.29**  1 

-0.99 

palate 

Red  ! 

41.7 

46.1  ! 

53.1 

1.19**  ! 

-0.51 

Yellow  j 

7.0 

29.9  j 

9.3 

-0.40  ! 

1.92** 

Cheek 

Blue  1 

51  ..5 

51.1  i 

48.5  1 

0.15 

0..12 

Red  1 

4.1.8 

44.1 

44.2 

— 0,0;>  1 

0.01 

Yellow 

4.7  i 

2.6  I 

7.2  i 

-0.68 

-1.38** 

Vestibule 

Blue 

4.O.0  j 

17.8 

57.8 

-1.47** 

-1..54** 

1  Red 

!  42.9 

56.7 

43.2 

-0.04 

1.15** 

1  Yellow 

'  12.1 

1  7.4 

7.3 

0.79 

1  0.02 

Tongue 

1  Blue 

i  19.7 

19.9 

25  2 

-1.04** 

i  -0.62 

(ant.) 

I  Red 

i  47.1 

.14.2 

.54.4 

-1.08** 

1  -1.79** 

1  Y'ellow 

1  33.7 

45.9 

28.6 

0.81 

2.08* 

Tongue 

Blue 

10.9 

i  26.4 

23.6 

1.29** 

1  0.29 

(post.) 

1  Red 

15.5 

i  27.0 

42.6 

i  -1.40** 

-1.84** 

!  Yellow 

33.5 

!  46.5 

3.1.9 

-0.07 

1.34** 

Gingivae 

j  Blue 

7.3 

1  2.5 

6.2 

1  0.38 

-1.12** 

Red 

17.8 

16.9 

28.5 

1  -1.89** 

-1.45** 

!  Yellow 

75.0 

1  81.2 

65.3 

1  -1.39** 

1.52** 

From  the  analysis  of  the  T-values  we  may  eonelude  that  there  is  no  evidence 
to  show  that  normal  areas  of  the  mouth  in  ])atients  with  oral  cancer  differ  from 
correspondiii}!  areas  of  the  mouth  of  normal  sul)jeets.  There  was  no  sifrnitieant 
difference  Iwtween  the  normal  areas  of  the  mouths  of  patients  with  cancer  and 
those  with  oral  leucoi)lakia  except  possibly  a  sli»rht  increase  in  the  number  of 
yellow  cells  in  the  palate  and  anterior  portion  of  the  tongue  in  i)atients  with 
leucoi)lakia. 

Fhi-s(piare  tests  were  used  to  compare  the  cellular  distribution  in  normal 
and  diseased  areas  of  the  mouths  of  the  cancer  patients.  All  thirteen  patients 
exhibited  sifjnificant  differences  between  normal  and  dist*ased  areas,  and  in  all 
hut  two  of  these  the  number  of  blue  cells  in  the  diseased  areas  was  less  than  in 
the  correspondiiifr  normal  areas. 

A  detailed  study  of  individual  cells  in  the  smears  from  the  malijrnant  lesion 
was  undertaken  in  order  to  explore’ the  mori)holofric  characteristics  of  malignant 
cells  in  oral  cancer.  The  qualitative  evaluation  of  malijrnant  cells,  in  fact  their 
recofjnition  and  differentiation  from  benign  cells,  dei)ends  upon  certain  criteria 
which  can  be  found  in  the  nucleus  as  well  as  in  the  cytojilasm.  An  abnormally 
large  nucleus  with  a  definitely  disturbed  nuclear-cytoplasmic  ratio  is  perhaps 
one  of  the  characteristics  of  malignancy  of  the  oral  cavity  most  fmpiently  fouml. 
Celts  showing  these  criteria  were  present  in  fourteen  of  our  fifteen  cast's. 
Hy perch romasia  proved  less  reliable  as  a  characteri.stic,  as  it  was  present  in  only 
nine  ca.ses.  A  thickened  nuclear  membrane,  which  is  stre.sseil  by  Gates  and 
WarreiC  as  another  characteristic  of  malignancy,  was  found  in  only  three  in¬ 
stances.  Alterations  in  the  nucleolus  take  a  prominent  place  in  the  diagnastic 
features  of  malignant  cells.  Abnormally  large  nucleoli  were  found  in  thirteen 
cases;  oval,  lance-shaped,  or  dumbbell  shajit'd  nucleoli  were  found  in  eleven 
cases,  and  in  eight  cases  the  nuclei  contained  more  than  one  nucleolus.  Other 
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niicloar  inclusions,  which  neither  helonj;  to  the  cliroinatin  netwoi-k  nor  behave 
tinctorially  like  a  nucleolus,  were  found  in  seven  cases.  They  resembled  either 
the  inclusion  bodies  of  Lipschutz  (acidophilic  dcfieneration)  or  were  vacuoles 
filled  with  a  lifihter-stainin"  basophilic  material.  Mitotic  fijrures,  either  normal 
or  abnormal  types,  were  not  seen  in  our  cytolojric  smears.  This  fact  may  well 
be  explained  by  the  nature  of  the  smears,  which  include  only  the  sui>erficial 
cells  of  the  neoplasm. 

Changes  in  the  cytoplasm  were  less  fretpieiit  and  less  characteristic.  The 
most  reliable  sifjn  of  maliornancy  in  the  cyto])la.sm  consisted  of  an  altered  stain¬ 
ing  behavior  with  the  Papanicolaou  stain.  Cells  which  had  the  mori)holo«;ic 
appearance  of  the  blue  cells  stained  brilliantly  red  or  even  brifiht  orange,  and 
gradual  transitions  between  the  various  color  tones,  which  are  a  prominent 
feature  of  the  normal  smear  of  the  oral  cavity,  were  often  absent.  In  nine  cases 
the  cytoplasm  contained  clear  vacuoles.  In  nine  others  inclusion  bodies  were 
found.  In  seven  cases  the  cytoi^lasm  of  the  malignant  cells  showed  marked 
phagocytic  properties.  Bulky  and  grotescpiely  shaped  cells  were  ]>resent  in 
eleven  cases,  although  they  never  were  very  numerous  and  could  have  been 
overlooked  ea.sily  by  le.ss  careful  studies.  Nine  cases  showed  small,  deejdy 
basophilic  staining  cells  with  extraordinarily  large  nuclei.  When  present,  they 
gave  reliable  evidence  of  a  rapidly  growing  and  less  differentiated  neoplasm. 

In  spite  of  the  fact  that  these  cytologic  studies  were  conducted  on  rather 
well-established  clinical  cases,  and  in  some  instances  quite  sizable  lesions,  seven, 
or  nearly  50  per  cent,  of  our  cases  did  not  furnish  the  number  or  variety 
of  malignant  cells  which  the  clinical  appearance  would  lead  us  to  expect. 
Smears  from  the  necrotic  areas  of  the  large  ulcerative  lesions  revealed  an 
abundant  amount  of  amorphous  material  together  with  bacteria  and  pus  cells, 
but  malignant  cells  were  found  only  upon  careful  search.  If  the  smears  wen* 
taken  from  the  margin  of  the  crater,  malignant  cells  were  often  equally  sparse 
and  were  crowded  out  by  normal  epithelial  cells,  making  the  correct  diagnosis 
much  more  difficult.  For  this  reason  we  recommend  taking  the  smears  from  the 
center  of  the  lesion  although  the  cytologic  epithelial  material  is  less  abundant. 
In  nine  of  our  ca.ses  smears  taken  from  this  area  showed  only  a  few  normal 
epithelial  cells.  An  increased  number  of  j^us  cells  was  found  in  twelve  cases 
studied,  and  red  blood  cells  were  present  in  ten.  An  attempt  to  go  beyond  the 
simple  diagnosis  of  malignancy  and  to  draw  certain  conclusions  as  to  the  degree 
of  differentiation  and  the  rate  of  growth  was  not  successful. 

A  comj)ari.son  of  the  unaffected  areas  of  the  oral  mucosii  in  our  cancer  i)a- 
tients  with  corresponding  areas  of  healthy  individuals  showed  no  rjualitative 
cytologic  differences. 

In  thirteen  out  of  fifteen  ca.ses  a  cytologic  diagnosis  of  malignancy  could  be 
made  without  too  great  an  effort,  from  smears  taken  from  the  lesion.  Usually 
the  malignant  changes  were  discovered  after  careful  examination  of  a  single 
slide,  and  other  slides  from  the  same  lesion  gave  identical  patterns.  In  two 
cas(*.s  ((.'a,se  4  and  Case  13)  repeated  smears  showed  very  scant  cytologic  material 
and  cells  bearing  the  afore-mentioned  criteria  of  malignancy  were  extremely 
scarce.  We  must  admit  that  without  the  clinical  picture  the  diagnosis  of  malig- 
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nancy  in  both  cases  would  not  have  been  made.  We  are  not  prepared  to  say 
at  this  time  whether  this  was  the  fault  of  our  technic,  ])articularly  the  method 
of  obtaining  the  smear.  Our  sauries  of  cases  is  too  small  to  give  the  two  “false 
negative”  smears  any  .statistical  significance. 

SCMMARY  AND  CONCI.USIONS 

1.  (Vtologic  smeaiN  stained  by  Papanicolaou’s  method  and  prepared  from 
the  lesions  and  normal  areas  of  the  oral  cavity  were  studied  in  fifteen  patients 
suffering  from  carcinoma  of  the  oral  mucosa. 

2.  No  significant  differences  existed  between  the  smears  taken  from  the 
uninvolved  oral  mucosa  of  cancer  ])atients  and  of  normal  individuals. 

3.  Significant  (juantitative  and  (pialitative  differences  in  the  cytologic 
morphology  and  the  cellular  pattern  were  present  in  the  smears  from  the  lesions 
of  thirteen  i)atients,  permitting  the  diagnosis  of  malignancy. 

4.  An  abnormally  large  nucleus  with  a  definitely  altered  nuclear-cyto¬ 
plasmic  ratio  and  ])os.sessing  atypical  nucleoli  iTpresented  the  most  frequently 
found  characteristic  of  malignancy. 

5.  Smeai-s  taken  from  the  center  of  the  lesion  ]>roved  diagnostically  more 
valuable  than  those  taken  from  its  margin. 
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Lahoratory  for  Oral  Physiology,  Tufts  College  Dental  School,  Boston,  Mass. 

SKVERAL  studies  involving  actual  tests  on  ehewing  ability  of  full  denture 
patients  were  carried  out  early  in  this  century  by  Baltersd  Christiansen,^ 
Paulsen,®  Claussen,^  Sehutz,®  and  more  recently  by  (Jelman,'*  Thompson,^  and 
Sobelik.*  All  of  these  studies  were  made  on  small  numbers  of  people  with  dif¬ 
fering  technics  for  masticatory  performance.  Excei)t  for  the  study  by  Thomp¬ 
son,  they  are  of  little  value  as  indications  of  the  extent  to  which  modern  den¬ 
tures  can  restore  the  masticatory  ability  possessed  originally  by  a  natural 
dentition. 

Reliable  methods  for  masticatory  i)erformance  have  recently  been  devel¬ 
oped,**  and  the  average  masticatory  performance  has  been  determined  for  per¬ 
sons  with  a  natural  dentition.  The  fraction  of  occlusal  area,  food  platform 
area,  on  which  efficient  mastication  can  take  place  was  found  to  be  an  impor¬ 
tant  index  of  the  masticatory  performance  of  i)ersons  with  natural  dentition. 

It  was  considered  that  this  a])proach  should  be  extended  to  investigation  of 
full  denture  cases. 

The  survey  was  planned  in  order  to  obtain  as  much  information  concern¬ 
ing  each  i)atient  as  possible  without  extending  chair  time  per  patient  beyond 
one  hour.  Three  general  classes  of  information  were  sought.  The  first  was  con¬ 
cerned  with  the  i>atient  himself  and  the  kind  of  denture  he  possessed.  This 
class  of  observation  included  the  clinical  rating  of  the  denture,  the  type  of 
denture  tooth,  the  condition  of  mucosa,  the  extent  of  bone  resorption,  and  the 
three  time  factors  (the  age  of  the  patient,  the  age  of  the  denture  being  used, 
and  the  number  of  years  of  training  the  patient  had  had  in  using  full  dentures). 
This  information  might  prove  to  be  useful  in  explaining  why  persons  differ  in 
their  chewing  ability. 

The  second  class  of  measurement  was  obtained  with  the  denture  in  use  and 
represented  some  measure  of  function  of  that  denture.  Such  information  in¬ 
cluded  the  food  platform  area,  the  maximum  biting  force,  and  the  person’s 
masticatory  performance  with  peanuts  and  with  coconut  as  test  foods.  The 
third  class  of  information  concerned  the  ])atient’s  adjustment  to  dentures  and 
was  based  upon  the  types  of  foods  which  he  stated  he  could  readily  consume. 

EXPKKI .M ENTAL  PROCEDURE 

One  hundred  full  denture  i)atients  were  obtained  from  three  sources. 
Eighty-three  returned  to  the  Pro.sthetic  Clinic  of  Tufts  (’ollege  Dental  School 

Presented  at  the  1950  meetinK  of  the  Denture  Prosthesis  Section  of  the  American  Dental 
Association.  October  31,  at  Atlantic  City,  N.  J. 
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314 


Volume  30 
Number  3 


rHKWING  AHTLTTY  OF  DKNTrRK  WKARKRS 


315 


in  response  to  a  letter  written  to  patients  who  had  received  full  dentures  dur¬ 
ing  the  preceding  two  years.  These  dentures  had  been  prepared  by  students. 
Eleven  ])atients  were  obtained  with  the  cooperation  of  the  Chelsea  Naval  Hos¬ 
pital;  their  dentures  had  l)een  constructed  by  student  interns  and  had  been 
worn  for  six  weeks  or  less.  Six  patients  were  obtained  through  the  courtesy  of 
Dr.  William  Hoyt  and  were  examined  at  his  office. 

Each  patient  was  questioned  as  to  duration  of  denture  usage  and  date  of 
construction  of  his  present  dentures.  He  was  asked  to  name  foods  he  preferred 
to  eat  and  those  giving  him  difficulty  in  mastication.  A  history  of  gastrointes¬ 
tinal  disturbances  was  obtained.  The  condition  of  the  ridges  were  rated  as 
superior,  normal,  fair,  or  poor  for  each  jaw,  and  the  rating  of  the  mandible 
was  considered  to  be  the  rating  for  the  mouth.  The  gingival  mucosa  was  rated 
as  normal,  slightly  inflamed,  or  greatly  inflamed.  Halanced  occlusion  of  all 
dentures  was  produced  by  grinding,  if  needed,  before  any  tests  w^ere  run.  The 
denture  itself  was  evaluated  arbitrarily  as  being  either  inadequate,  adequate, 
or  superior  in  mode  of  construction  and  function.  When  tissue  coverage  was 
insufficient  and  retention  poor  or  lacking,  the  denture  was  classifled  as  inade¬ 
quate.  When  basic  requirements  had  been  met  in  these  respects,  it  was  desig¬ 
nated  as  adequate.  Those  dentures  which  met  all  the  requirements  of  full 
prostheses  to  a  greater  degree  than  is  usually  attained  were  classed  as  superior. 

The  masticatory  performance  was  measured  with  peanuts  and  coconut  as 
test  foods.  Fifteen  grams  of  peanuts  w'ere  divided  into  three  5  Gm.  portions 
and  each  portion  was  subjected  to  33  masticatory  strokes.  The  same  quantity 
of  coconut  was  divided  into  five  3  Gm.  portions  which  were  each  subjected  to 
40  chews.  The  masticated  food  was  expectorated  into  a  beaker,  along  with 
rinsings  from  the  mouth,  stirred  gently  to  break  up  clumps,  and  washed  with 
water  through  a  10  mesh  screen.  Each  fraction  w'as  filtered  on  tared  filter 
paper,  dried,  and  weighed  in  accordance  with  a  method  already  published.® 
Masticatory  performance  was  calculated  as  the  percentage  of  chewed  food 
which  passed  through  the  10  mesh  screen,  with  the  percentages  based  on  the 
quantity  of  food  that  was  recovered  from  the  mouth. 

Readings  of  maximum  biting  force  were  obtained  with  a  Howell-Manly 
oral  force  meter”  at  three  positions  on  the  denture — on  the  anterior  region  and 
on  the  right  and  left  molar  regions.  In  most  instances  the  maximum  force  was 
observed  just  before  the  denture  was  unseated.  For  this  reason,  the  maximum 
biting  force  readings  represent  the  amount  of  force  required  to  dislodge  the 
dentures  and  consequently  are  not  necessarily  the  maximum  that  could  be 
exerted  if  the  bite  element  w^as  not  present  between  the  teeth. 

The  food  platform  area  was  recorded  on  a  2  by  1  in.  strip  of  soft,  semi¬ 
opaque  wax  according  to  the  method  of  Yurkstas  and  Manly’®  with  a  modifica¬ 
tion  in  the  composition  of  the  wax  which  permitted  it  to  be  used  at  room  tem¬ 
perature  without  preheating. 

The  dietary  preferences  and  avoidances  mentioned  by  the  subjects  were 
first  tabulated  separately.  There  were  twenty-four  persons  who  stated  they 
had  no  difficulty  in  masticating  any  food,  and  tw^enty  persons  who  said  they 
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could  not  chew  any  hard  food.  Beef  was  mentioned  19  times  as  causing  dif¬ 
ficulty;  raw  vegetables,  18  times;  raw  fruits,  15  times;  and  apples,  12  times. 
After  a  study  of  likes  and  avoidances,  it  was  decided  that  tliis  variety  of  infor¬ 
mation  could  be  brought  into  a  single  score  which  would  range  from  1  to  4. 

Score  4 — Subject  states  no  food  causes  difficulty. 

Score  3 — Subject  prefers  tough  or  hard  foods  but  has  difficulty  in 
chewing  some  of  these. 

Score  2 — Subject  prefers  soft  or  chopjved  foods  but  can  eat  some  hard 
foods. 

Score  1 — Subject  prefers  .soft  or  chojvjved  foods  ami  cannot  eat  any 
hard  foods. 


FOOD  PLATFORM  AREA  OF 


AREA  IN  MM.' 


FORCE  IN  POUNDS 


FiR.  1. — Distribution  of  forco  an<l  are.T,  for  100  donture  cases. 


RESULTS 

The  average  findings  are  given  in  Table  I.  The  distributions  of  maximum 
biting  force  and  food  platform  area  for  the  whole  group  are  presented  in  Fig. 
1.  The  food  platform  area  of  the  preferred  .side  of  the  dentition  is  fairly  uni¬ 
form.  Nearly  two-thirds  of  the  persons  had  10  to  14  .sq.  mm.  of  food  platform 
area.  This  is  about  one-half  as  great  as  the  area  for  jiersons  with  a  natural 
dentition.  The  majority  of  cases  are  similar  in  food  platform  area ;  hence,  it  is 
clear  that  variations  in  chewing  ability  of  these  persons  cannot  be  accounted 
for  on  the  basis  of  differences  in  the  food  platform  area. 

The  average  force  in  the  molar  region  amounted  to  27  pounds,  and  this 
figure  agrees  well  with  measurements  by  Klaffenbaeh'^  and  WorneF^  who 
obtained  an  average  of  22  pounds  in  the  molar  region.  In  the  anteriiir  region 
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Table  I 


Gknkkai.  Fimiinc  s  C()N(’EKNiN<i  Frx(’TioNS  OK  10(»  Fi’M,  Denti  ke  Cases 


1 

MEA.V  1 

<r  1 

1  <rji 

1  RANGE 

Maximum  forct* 

Molar  region 

27  11). 

1.9.1 

2-99  11). 

.\nt(*rior  region 

IS  lb. 

1.1.7 

1..17 

1-83  11). 

Masticatory  performaiict* 

Peanuts 

17.7 

1.78 

9-77Vf 

(’oconut 

S.7 

0.8S 

18-t)19J 

Food  platform  area 

14..'{  mm.- 

5.;i 

0..18 

8-42  mm. 2 

the  maximum  hitiiif;  force  amounted  to  18  ixuimls,  which  was  almost  twice  as 
frreat  as  that  reported  by  Klaffenbach,  presumably  because  our  bite  element 
was  thinner,  permittinf?  subjects  to  operate  closer  to  the  optimum  vertical 
dimension.  The  frreatest  number  of  persons  have  maximum  molar  forces  be¬ 
tween  20  and  30  pounds,  but  there  were  a  few  individuals  whose  forces  were  as 
hifjh  as  80  to  100  pounds. 


masticatory  performance. %  MASTICATORY  PERFORMANCE  .  % 

KIk-  2. — Distribution  of  iHTfornianco  for  1 00  lienture  cases. 

The  masticatory  performances  of  the  one  hundred  denture  wearers  are 
slmwn  in  Fifj.  2,  with  findinfrs  w'ith  peanuts  aud  coconut  as  test  foods  presented 
sei)arately. 

The  averafje  ma.sticatory  j)erft>rmance  with  peanuts  amounted  to  38,  which 
afjrees  well  with  the  averaffc  i>f  35  fi)uml  for  thirty-five  other  patients  studied 
previously.”  The  “38”  is  an  arbitrary  tiffure  which  cannot  be  ctunpared  with 
other  performances  directly.  It  .should  not  be  termed  “efticiency”  as  Thompsoid 
used  the  word,  for  it  does  not  mean  that  the  efficiency  (if  the  denture  patient 
is  38  per  cent  of  that  of  the  average  complete,  natural  dentition.  Efficiency  is 


318 


MANLY  AND  VINTON 


r>.  Rr.. 

June,  l‘)SI 


derived  from  calculations  of  the  number  of  chews  required  by  the  averaffe  den¬ 
ture  wearer  in  order  to  equal  the  20-chew  food  pulverization  by  an  averaffe 
person  with  a  natural  dentition.®  Since  the  calculations  indicate  that  the 
average  denture  wearer  requires  four  times  as  many  chews  as  the  average  per¬ 
son  with  two  natural  molars  and  premolars,  the  denture  wearer  has  an  effi¬ 
ciency  of  25  i)er  cent  on  the  average.  Tf  he  is  compared  with  persons  with  one 
molar  and  two  premolars,  his  efficiency  would  be  50  per  cent.  This  agrees  witii 
clinical  opinion  that  full  dentures  are  not  usually  complete  substitutes  for 
natural  dentitions. 

The  chewing  performance  with  coconut  averaged  40  per  cent  (based  on  40 
strokes)  for  the  denture  wearers.  Shredded  coconut  was  the  first  tough  food 
tried,  and  it  has  since  been  ])roved  to  be  less  desirable  than  other  tough  foods.“ 
Some  of  the  particles  are  easily  pulverizable  and  others  very  resistant.  For 
this  reason  the  range  in  performances  is  narrow,  and  the  results  are  less  valu¬ 
able  than  those  of  the  peanut  tests. 

The  average  performance  with  i)eanuts  has  academic  rather  than  practical 
significance,  since  the  cases  diflTer  so  much  from  one  another.  There  are  just 
twenty-five  ca.ses  which  fall  between  the  ranges  of  35  to  45  in  masticatory 
performance  (Fig.  2),  and  could  be  clas.sed  as  reasonably  close  to  the  average. 
The  remainder  are  about  equally  distributed  between  low  and  high  performing 
cases.  The  whole  range  was  from  9  to  77  per  cent  which  would  correspond  to 
an  efficiency  range  of  from  5  to  100  per  cent.  It  seems  clear  that  some  patients 
have  practically  no  ability  to  chew  peanuts,  while  others  perform  as  well  as 
persons  with  natural  dentitions.  Seven  of  the  cases  lie  within  the  range  of 
normal  performance  for  a  natural  dentition.  This  gives  some  encouragement 
to  the  chances  of  improving  the  performance  of  the  inadequate  group.  If  the 
range  had  been  small,  one  might  assume  that  there  was  a  top  limit  of  mastica¬ 
tory  performance  beyond  which  no  denture  wearer  could  improve,  but  actually 
some  persons  could  chew'  quite  well. 

Perhaps  the  poor  performances  were  obtained  from  dentures  that  were 
p(»or  from  the  clinical  standpoint,  and  high  performances  were  obtained  from 
superior  dentures.  This  w'as  not  found  to  be  strictly  true.  There  was  a  wide 
overlap  in  values  for  ])erformance  with  superior  and  poor  dentures.  For  ex¬ 
ample,  the  superior  dentures  ranged  from  25  to  73  per  cent  in  performance  with 
peanuts,  and  the  poor  dentures,  from  9  to  77  per  cent.  Evidently  statistical 
methods  must  be  employed  in  order  to  discover  whether  these  two  factors  are 
correlated.  Statistical  comparisons  have  been  made  between  practically  all 
combinations  between  the  variables  w'hich  w'ere  studied,  using  the  “coefficient 
of  mean  square  contingency.”^*’  The  denture  rating  and  the  age  of  the  patient 
were  the  only  two  variables  which  could  be  shown  to  have  a  bearing  on  the 
masticatory  function.  The  association  between  these  factors  is  shown  diagra- 
matically  in  Fig.  3,  for  the  denture  rating,  the  maximum  force,  the  performance 
with  peanuts,  and  the  tough  food  tolerance.  Lines  are  drawn  between  related 

♦This  cf>€fflcient  was  selected  rather  than  the  coefficient  of  correlation  (Pearson  r)  be¬ 
cause  it  can  be  used  with  cateiforize<l  data  and  because  it  does  not  assume  that  the  correlation 
between  the  variables  is  linear.  This  coefficient  ranges  from  0  to  1,  with  0  indicating  no 
correlation  and  1  demonstrating  a  perfect  correlation. 
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variables.  The  actual  value  of  the  coefficient  is  written  alonjfside  the  line  eon- 
nectinf?  the  two  variables.  The  directicui  of  the  arrow  suggests  the  probable 
causal  relationship. 

It  ajipears  that  the  denture  ratin{f  is  the  nio.st  important  influence  on 
denture  function.  It  has  a  siffiiificant  relation  to  nia.ximum  biting  force,  ttru^h 
food  tolerance,  and  niasticat«>ry  performance.  Better  dentures  tend  to  improve 
a  patient’s  chances  of  haviiif?  a  hijjh  bitinfj  force,  a  ^ood  ability  to  chew  food, 
and  a  hi^h  tolerance  of  touKh  food.  The  next  most  important  influence  is  the 
afje  of  the  patient.  Younfrer  jiersons  tend  to  have  higher  biting  .strength  and 
better  chewing  performances  than  older  persons.  This  observation  is  in  agree¬ 
ment  with  clinical  imi)res.sions  that  the  young  patients  make  superior  adjust¬ 
ments  to  denture  usage.  Yet  neither  the  denture  rating  nor  the  age  of  the  pa¬ 
tient  accounts  for  a  very  high  percentage  of  the  ability  to  chew  foods.  At  best 
the  factors  mentioned  would  account  for  only  25  per  cent  of  the  variation  in 
masticatory  ability  and  successful  a<ljustment  to  dentures. 


FORCE 


TOUGH  FOOO 
TOLERANCE 


PERFORMANCE^ WITH  PEANUTS 


AGE  OF  PATIENT 


MAXIMUM  FORCE 

PERFORMANCE  WITH  PEANUTS 


-  IX  SKNinCANCE  LEVEL 

- 5X  SKNIFCANCE  LEVEL 

FIk.  3. — Factors  influencing  masticatory  function  by  denture  wearers. 

Masticatory  performance  with  jieanuts  is  the  best  index  found  for  the 
ability  to  adjust  to  tough  foods.  The  maximum  biting  force  was  not  correlated 
with  adjustment  to  tough  foods.  Likewise,  ability  to  chew  coconut  is  also 
unrelated  to  tough  food  tolerance,  probably  because  of  the  defectiveness  of  the 
coconut  test.  Future  studies  should  enijiloy  carrots  as  the  tough  test  food.^* 
Most  of  the  factors  were  not  as.sociated  with  denture  iierformance.  There 
was  no  indication  that  the  sex  of  the  ])atient  was  a  factor,  since  men  and  womeii 
were  almost  the  same  in  their  average  ability  to  chew  jieanuts.  The  age  of  the 
denture  in  use  did  not  seem  to  be  important ;  the  five  dentures  whieh  had  been 
in  use  for  over  four  years  actually  averaged  a  little  higher  in  performanee  than 
the  rest  of  the  grouj),  but  the  number  was  insufticient  for  a  conclusion.  There 
were  twenty  dentures  which  had  been  worn  for  two  months  or  less.  These  were 
eomjiared  with  the  twenty-.seven  which  had  been  used  for  a  iH*riod  of  between 
two  months  and  one  year.  The  relatively  new  dentures  averaged  a  little  lower 
in  their  performance  than  the  others,  yet  here  again  variation  within  each 
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group  was  so  great  that  a  difference  could  not  he  proved  statistically.  The 
length  of  time  the  patient  had  been  wearing  dentures  could  not  be  i)roved  to 
be  important,  but  perhaps  not  much  conclusion  could  be  drawn  from  this  group 
since  there  were  only  twelve  patients  who  had  worn  dentures  longer  than  four 
years.  The  extent  of  alveolar  resorption  or  the  condition  of  the  ridge  was 
rated  into  four  categories.  Eighty  per  cent  of  the  patients  had  good  or  superior 
ridges.  The  variation  in  performance  in  this  grouj)  was  so  great  that  it  was 
not  po.s.sible  to  prove  statistically  that  the  fair  or  poor  ridges  actually  gave 
jmorer  performances.  It  was  also  found  that  the  condition  of  the  ridge  was  not 
related  to  the  maximum  force  that  a  person  could  exert. 

Fifty  of  the  patients  had  dentures  bearing  nonanatomic  porcelain  teeth 
and  twenty-nine  had  anatomic  porcelain.  Other  tyi)es  of  teeth  were  too  few  in 
number  to  be  eonsidered.  There  was  no  difference  between  the  performance 
of  the  anatomic  and  nonanatomic  teeth  which  could  be  proved  by  .statistical 
means.  This  finding  cannot  be  considered  as  contradicting  the  data  by  Thomp¬ 
son  on  relative  merits  of  different  cusp  forms.  His  problem  was  to  compare 
one  tooth  type  with  another  under  the  most  controlled  conditions,  and  under 
these  circumstances  it  was  pos.sible  for  him  to  prove  the  relative  value  of  four 
types  of  teeth  for  the  patients  studied.  Our  findings  concern  a  different  point. 
Assuming  that  one  denture  tooth  may  be  more  efficient  than  another,  will  this 
difference  be  great  enough  to  account  for  any  of  the  distinction  between  pooi 
and  efficient  denture  wearers?  The  difference  did  not  prove  to  be  great  enough. 

Of  the  hundred  denture  cases,  thirty-one  were  rated  as  poor  because  of 
insufficient  tissue  coverage  or  inadequate  retention.  The  remainder  were 
ela.ssed  as  adequate  or  superior.  It  seemed  possible  that  some  of  the  correla¬ 
tions  might  be  overshadowed  by  the  influence  of  the  denture  rating  and  that  for 
this  rea.son  the  inadequate  dentures  should  be  omitted  from  consideration. 
Furthermore,  a  study  on  superior  dentures  would  tend  to  answer  the  practical 
question.  “What  faetors  tend  to  determine  how  well  persons  with  satisfactory 
dentures  can  masticate  their  food?”  After  the  inadequate  dentures  were 
eliminated  from  the  group,  there  was  no  statistically  significant  correlation 
between  any  of  the  variables.  Thus  it  cannot  be  demonstrated  that  any  of  our 
measurements  are  important  for  determining  how  well  persons  with  adecpiate 
dentures  can  chew  food  or  can  adjust  themselves  to  tough  foods. 

SUMMARY 

A  simey  of  masticatory  function  has  been  conducted  with  one  hundred 
denture  patients  in  an  effort  to  disclose  which  factors  are  the  most  important 
for  determining  a  patient’s  ability  in  mastication.  The  measurements  included 
the  maximum  biting  force,  food  platform  area,  and  masticatory  performance  with 
lK)th  i)eanuts  and  c(K*onut  as  test  foods.  The  patient  was  asked  to  name  his  food 
preference  and  those  giving  special  difficulty  in  mastication.  The  statements 
were  combined  in  a  single  score  and  designated  as  tough  food  tolerance.  The 
average  force  and  performance  for  denture  wearers  was  much  lower  than  for 
patients  with  natural  dentition,  and  it  varied  widely  from  i)erson  to  i)erson. 
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The  most  important  influence  was  possessed  by  the  rating  of  clinical  excel¬ 
lence  of  the  denture.  It  was  correlated  moderately  with  the  maximum  biting 
force,  the  masticatory  i)erformance  of  peanuts,  and  the  tough  iWl  tolerance. 
The  age  of  the  patient  had  a  slight  influence,  the  younger  persons  tending  to  have 
better  performance  and  biting  strength  than  older  persons.  The  ma.sticatory 
performance  with  peanuts  was  the  best  measure  of  a  subject’s  tough  footl  toler¬ 
ance  but  was  not  well  enough  correlated  to  have  much  predictive  value.  When 
comparisons  were  made  only  on  tho.se  dentures  rated  as  clinically  adequate,  no 
correlation  could  be  demonstrated  between  any  of  the  factors  studied. 
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SOMK  CHANGES  IN  THE  ('()XNE(T1VE  TISSUE  (IROUNI)  SUHSTANUE 
ASSOIHATEI)  WITH  THE  ERUPTION  OF  THE  TEETH 
MIF/rON  B.  KNGEL,  M.H.,  D.D.S. 

The  ])( partmuits  of  Ihntal  Tht  rapt  utit's  and  Applied  Matnia  Mrdira  and  Orthodontia, 
University  of  lUinois  College  of  Dentistry,  Chicago,  III. 

During  their  eruption  and  early  {jrowth,  the  teeth  are  surrounded  hy  a 
nuieinous  frel  whieh  appears  to  form  a  continuum  between  the  enamel 
organ  and  the  overlying  eonneetive  tissue.  The  eharaeteristies  of  this  ground 
substance  and  its  alterations  were  studied  in  an  attempt  to  explain  the  manner 
in  which  the  teeth  penetrate  into  the  oral  cavity  in  the  course  of  eruption. 
Uarbohydrate-eontaining  substances  comprise  a  conspicuous  portion  »)f  this 
material. -  In  this  inve.stigation  it  is  shown  that  there  are  i)robably  a  numher 
of  polysaccharide  components,  and  one  of  them  appears  to  contain  hyaluronic 
acid. 

The  ground  substance  of  eonneetive  tissue  contains  chemically  inert  and 
relatively  insoluble  glycoproteins  which  are  believed  to  be  highly  polymerized. 
Yet  these  components  exhibit  a  high  degree  of  lability  in  certain  i)hysiologic 
and  pathologic  states.®  It  is  thought  that  this  i)lastieity  may  be  controlled  by 
a  group  of  enzymes  originating  from  the  cells  of  the  connective  ti.ssue  and  act¬ 
ing  to  depolymerize  the  insoluble  glyeoi)roteins  to  smaller  residues  which  are 
water  soluble  and  more  reactive. 

As  the  teeth  move  toward  the  epithelial  surface,  the  overlying  connective 
tissue  and  bone  undergo  changes  which  would  seem  to  permit  this  movement  to 
take  place.  It  is  suggested  that  this  process  is  an  instance  of  the  labile  nature 
of  the  connective  tissue  ground  substance  in  the  general  pattern  observed  by 
Ger.sh  and  Catehpole.®  This  interpretation  is  based  on  alterations,  during  erup¬ 
tion,  in  the  staining  reaction  of  the  ground  substance  of  the  connectiv'e  tissue 
surrounding  the  developing  tooth  using  the  leucofuchsin-periodic  acid  method, 
on  the  presence  of  an  increa.sed  amount  of  Avater-soluble  glycoprotein  material, 
and  on  the  ability  of  the  ground  substance  to  bind  intravitally  injected  Evans 
blue.  These  changes  are  interpreted  as  due  to  a  depolymerization  of  the  ground 
substance. 

MATERIAL  AND  METHOD 

Ti.s.sue.s  for  the  various  jiarts  of  the  study  were  obtained  from  several 
different  sources.  Gral  mucous  membrane  overlying  erupting  teeth  was  ob¬ 
tained  from  jiatients  of  the  Uhildren’s  Clinic.  Jaws  from  young  rats  (newborn 
to  21  days)  and  from  fetal  pigs  (approximately  2  months  to  term)  were  used 
for  histoehemical  and  mor])hologic  study.  Intravital  staining  experiments 
were  done  on  young  rats  whose  age  ranged  from  newborn  to  21  days. 

This  work  was  aided  by  grants  received  from  the  Department  of  the  Army  (DA-49-007- 
MD-17).  the  L’niversity  of  Iliinoia  Foundation,  and  the  American  Cancer  Society  as  recommended 
by  tlie  Committee  on  Crowth  of  the  National  Research  Council. 

Received  for  publication,  Dec.  12,  1950. 
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The  identification  of  carbohydrates  and  of  carbohydrate  complexes  sueh 
as  {glycoproteins  was  made  by  the  periodic  acid-leucofuchsin  method/’  ®  This 
was  supplemented  l)y  the  use  of  certain  reagents  and  enzymes  employed  prior 
to  stainin{j  to  make  the  characterization  of  the  tissue  components  somewhat 
more  specific.  Thus  a  decrement  in  the  stainin{f  of  the  structures  followin{' 
treatment  with  an  enzyme  or  buffer  was  rei^arded  as  evi<lence  of  the  solution 
of  some  carbohydrate-containing  component. 


Kip.  1. — Graph  showing  fall  In  viscosity  of  aqueous  extract  of  ground  substance  from 
Jaws  of  fetal  pigs  upon  addition  of  0.1  ml.  of  testicular  hyaluronldase  solution  (equivalent  to 
1  T.R.tT.  1  as  compared  with  extracts  to  which  either  no  enzyme  was  added  or  0.1  ml.  phos¬ 
phate  buffer  was  aiided. 

The  ability  of  the  ground  substance  to  bind  dye  was  tested  with  intravitally 
injected  Evans  blue.  Young  rats  received  O.l  to  0.3  e.c.  of  a  1.25  per  cent  solu¬ 
tion  of  the  dye  intracardially,  and  they  were  subsefjuently  killed  at  intervals  of 
from  ten  minutes  to  one  hour.  Two  animals  were  saci-ificed  at  the  end  of  forty- 
eight  hours. 

Some  solubility  characteristics  of  the  ground  substance  were  studied  by 
making  water  extracts  of  the  jelly-like  material  dissected  from  the  jaws  of 
fetal  pigs  and  calves.  The  change  in  the  viscosity  of  this  extract  upon  treat¬ 
ment  with  a  testicular  hyaluronidase  was  recorded.  (Fig.  1.) 

All  tis.sues  used  for  histochemical  study  were  fixed  by  the  freezing-drying 
method.  This  was  followed  by  infiltration  with  ]>araffin  (melting  point  56°  to 
58°  C.)  in  vacuo.  Sections  were  cut,  without  decalcification,  at  4  to  10  micra 
(for  cytologic  studies),  14  micra  (for  solubility  studies),  and  40  to  1(X)  micra 
(to  show  sites  of  intra vital  staining). 

The  sections  were  mounted  on  albuminized  slides  and  pressed  down  with 
finger  ])res.sure.  The  wax  was  removed  with  petroleum  ether  exeept  in  the 
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Kip*.  2  to  4. — SectloriH  throuij;h  the  oral  mucosa  of  rat  prepared  by  freezing-drying. 
Tissues  were  embedded  in  paraffin  without  decalciflcation  and  sectioned  at  10  micra.  After 
denaturation  overnight  in  ethanol  thf-y  were  stained  by  periodic  acld-leucofuchsin  method  to 
demonstrate  carls)hydrate-contalnlng  substances.  Some  of  the  epithelial  cells  contain  heavy 

( Leffend  continued  on  opponite,  pane. ) 
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case  of  the  Evans  blue  series.  In  order  to  avoid  loss  of  the  dye  in  this  latter 
group,  the  sections  were  dei)araffinized  by  covering  them  with  mineral  oil, 
warming  gently,  and  decanting  the  oil  and  dissolved  i)araffin;  after  the  wax 
was  completely  removed  this  was  repeated.  Excess  mineral  oil  was  removed, 
and  the  sections  were  covered  with  a  cover  slip. 

When  buffers  or  enzymes  were  u.sed,  the  deparaffinized  slide  was  placed  in 
a  Petri  dish  and  covered  with  5  drops  of  reagent.  A  strip  of  damp  toweling 
was  j)laced  in  the  dish  to  ])revent  evaporation.  The  covered  Petri  di.sh  was  then 
jdaced  in  the  incubator  or  kept  at  room  temperature,  as  de.sired,  for  the  re- 
(piired  time.  The  slide  was  washed  with  5  drops  of  the  buffer,  placed  in  ethanol 
overnight,  and  stained. 

OBSERVATIONS 

Erujiting  Molars  of  the  Rat. — The  observations  of  morphology  were  made  on 
.sections  in  which  the  ground  substance  had  lieen  largely  precipitated  by  denatur¬ 
ing  in  absolute  alcohol  for  at  least  twelve  hours. 

During  the  first  stages  of  tooth  growth  the  ground  sub.stance  of  the  pulp 
and  of  the  overlying  connective  tis.sue  stains  lightly  with  the  periodic  acid-leuco- 
fuchsin  method.  The  tooth  is  covered  by  young  bone  which  stains  inten.sely  red. 
The  basement  membrane  of  the  oral  mucosa  is’  either  absent  or  just  visible  as  a 
very  delicate  undulating  line  (Pigs.  2  and  3). 

As  the  tooth  grows  and  the  crown  approaches  the  epithelial-connective  tissue 
junction,  the  overlying  ground  substance  stains  more  deeply  (Figs.  4  and  8).  At 
the  crown  tips  of  the  first  molar,  around  16  days,  the  thickened,  swollen  fibers 
stain  intensely  red  (Fig.  4).  The  ground  substance  appears  to  merge  with  that 
of  the  thin  basement  membrane,  and  the  latter  is  difficult  to  see  until  after  swell¬ 
ing  such  as  occurs  when  the  section  has  been  treated  with  w’ater  (Fig.  9).  Begin¬ 
ning  at  approximately  the  eighth  day  the  overlying  bone  liegins  to  appear  hazy 
and  less  organized  than  before  and  gradually  disappears. 

During  this  period  of  growth  and  eruption  the  fibroblasts  contain  increasing 
quantities  of  carbohydrate  material  in  their  cytoplasm.  Since  some  of  these  ag¬ 
gregates  can  be  removed  by  incubation  with  amylase*  (pll  5),  they  are  pre- 
.sumed  to  be  glycogen.  Some  of  the  connective  tis.sue  cells,  especially  during  the 
more  advanced  phases  (12  to  17  days),  contain  carliohydrate  material  which 
cannot  be  removed  by  amylase  or  water. 

•A  preparation  of  a  anti  P  amylase. 


asRreKate.s  of  RlycoRen  which  appear  black.  The  glycoprotein  containinK  ground  substance  is 
seen  as  diffuse  ifray  which  stains  ilarker  as  jaws  grow  and  tooth  approaches  the  epithelial 
surface.  The  basement  membrane  in  Fijfs.  3  ami  4  is  just  evident.  (Original  magniflcation 
X550.)  Fig.  2,  1 -day-old  rat.  Fig.  3.  5-day-old  rat.  Fig.  4,  17-iiay-old  rat. 

B.,  Bone:  B.M.,  ba.sement  membrane:  B.V.,  blootl  vessel:  C.T.,  connective  tissue:  E.. 
epithelial  layer:  O.,  glycogen:  f!p.,  glycoprotein  granules:  T.G.,  tiwth  germ. 

Fig.  5. — A  section  through  the  jaw  of  a  5-ilay-olti  rat  showing  the  relation  of  the  erupt¬ 
ing  tooth  to  overlying  bone,  connective  tissue,  and  epitlieliuni.  (Original  magniflcation  X150. i 

Fig.  6. — .\  section  of  oral  mucosa  overlying  a  growing  to»>th  in  a  1 -day-old  rat.  This 
animal  received  intracardiac  Injection  of  0.1  c.c.  Kvans  blue  (1.25  per  cent)  and  was  sacrlllced 
in  ten  minutes.  Disaecte<l  tissues  were  fixed  by  freezing-drying  and  tlien  em^‘dded  in  paratfln. 
Parallln  was  removed  from  srK'tions  (50  micra)  with  warm  mineral  oil,  leaving  vitally  stained 
ground  substance  intact.  These  areas  app«‘ar  dark  In  the  photomicrograph.  (Original  magni¬ 
flcation  X105. ) 

Fig.  7. — F'ibrobla.sts  and  other  connt*ctlve  tissue  cells  from  the  tissues  overlying  the 
erupting  tooth  of  a  child.  Section  was  first  denatured  in  ethanol  and  then  incubate<l  with 
amyla.se  before  staining.  Cells  may  b*'  distinguished  by  the  aggregates  of— glycoprotein 
granules  in  their  cytoplasm.  (Original  magnification  XI. 550.) 
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Fies.  8  and  9. — Sections  through  oral  mucosa  overlyinK  the  erupting'  tooth  of  a  12-day-ol(l 
rat.  (Original  ma^iflcation  X500. )  Fig.  8,  Section  was  denatured  in  ethanol  overnight 
before  staining.  Fig.  9,  Section  was  extracted  with  buffer  ( pH  7 )  for  one  hour  and  then 
denatured  in  ethanol  before  staining.  Much  of  the  groun<l  substance  has  been  dissolved  and 
there  is  only  light  diffuse  staining.  Hasement  membrane  is  brought  into  relief. 

Fig.  10. — Section  through  oral  mucosa  of  a  child.  Note  definite  basement  membrane  and 
the  weil-stained  homogeneous  ground  substance.  (Original  magnification  X550. ) 

P’ig.  11. — Section  through  oral  mucosa  of  a  child.  Tissue  was  overlying  an  erupting 
tooth.  In  this  in.stance  the  ground  substance  is  largely  dissolved  and  connective  tissue  is 
therefore  only  lightly  stained.  The  basement  membrane  is  attenuated  and  in  some  places  it 
is  absent.  (Original  magnification  X550. ) 


Changes  in  Oral  Mucosa  of  Children. — The  ground  substance  of  tissue  over- 
lying  erupting  human  teeth  has  properties  similar  to  those  of  the  rat  tissues 
which  have  been  described  (Figs,  10  and  11).  However,  in  the  material  ivhich 
was  available,  the  stage  of  increased  stainability  of  the  ground  substance  was 
not  observed ;  generally  the  ground  substance  was  but  weakly  stained,  and  the 
basement  membranes  were  either  markedly  thinned  or  absent.  The  cellular 
reaction  w'as  analogous  to  that  described  in  the  rat  (Fig.  7). 

Effect  of  Reagents  and  Enzymes  on  the  Ground  Sulhstance. — Treatment  of 
sections  of  rat  tissues  (Table  1)  with  dilute  acid  and  base  and  with  acetate. 
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phosphate,  and  borate  buffers  (M/15  to  M/5)  over  the  pH  range  1  to  13  showed 
that  the  ground  substance  contained  water-solul)le  components  (Figs.  8  and  9) 
which  were  most  soluble  in  alkaline  solution  and  least  soluble  in  the  range  pH 
3.0  to  4.5.  Somewhat  smaller  quantities  of  polysaccharide  were  removed  when 
the  .sections  were  treated  with  water  (phosphate  buffer  pH  7)  after  prior  dena- 
turation  for  twelve  hours  in  ethanol.  This  latter  observation  was  also  made 
on  ti.ssues  from  children.  The  action  of  a  number  of  enzymes  on  these  tissues 
is  summarized  in  Table  I.  The  ground  substance  was  readily  dissolved  by 
trypsin,  pep.sin,  and  Clostridium  ivelchii  toxin  which  contains  a  collagenase. 
When  the  tis.sues  were  incubated  wdth  testicular  hyaluronidase  for  approxi¬ 
mately  thirty  minutes  (50  turbidity  reducing  units  per  cubic  centimeter),  there 
was  diminished  staining  which  could  not  be  attributed  to  the  buffer  alone. 

Table  I 


.‘^OLl'BII.ITIES  IN  VARlOrS  REAGENTS  AND  En/A'ME  PREPARATIONS  OE  CARBOH YDRATE-CONTAINING 
(’OMI*ONENTS  OK  GROI'ND  Sl  BSTANCE  Sl'RROl'NDING  DEVEUIPING  TEETH  (THE  GREATER  THE 
SOLI  BILITY  THE  LESS  THE  STAINABILITY ) 


REAGENT  1 

TIME  OK 

ACTION 

.STAINABILITY  OK 

GROCND  SCBSTANCE 

Hot  nietlianol  and  chloroform  1 : 1 

Ethanol 

N/10  HCl 

N/lOO  HCl 

.\cetate  buffers  pH  3  to  L.'j  M/l.o 

Phosphate  buffers 

pH  6  and  7 

Ethanol  12  hours  followed  by  phosphate 

Buffer  pH  7 

Borate  buffers  pH  9  to  11  M/5 

N/lOO  NaOH 

24  hr. 

24  hr. 

1  hr. 

1  hr. 

1  hr. 

1  hr. 

1  hr. 

1  hr. 

1  hr. 

1  hr. 

+  +  +  + 

+  +  +  + 

+  +  + 

+  +  + 

^•  +  +  + 

+  +  + 

+  + 

+  +  + 

+ 

-  or  very  weak 

Hyaluronidase  (pH  6)* 

30  min. 

+ 

Collagenase  (Cl.  welchii  filtrate)! 

24  hr. 

-  or  very  weak 

Trypsin  (0.1  mg./c.c.)  (pH  7) 

15  min. 

+ 

Pepsin  (0.1  mg./c.c.)  (pH  2) 

15  min. 

+ 

♦Supplied  through  the  kindness  of  the  Wyetli  Institute  of  Applied  Biochemistry. 
tSupplied  through  the  kindness  of  Dr.  I.  S.  Danielson  of  Lederle  laboratories. 


Shedding  of  the  Deciduous  Dentition. — The  question  of  the  changes  in  the 
deciduous  dentition  preparatory  to  the  shedding  of  the  teeth  was  not  dealt  with 
systematically.  However,  a  small  number  of  observations  on  freshly  extracted 
deciduous  teeth  of  children  show^ed  that  the  areas  of  dentin  and  eementum 
which  were  undergoing  resorption  were  brilliantly  stained  by  the  Hotchkis.s- 
McManus  procedure,  whereas  adjoining  zones  of  dentin  and  eementum  gave 
little  or  no  reaction. 

Vital  Staining  With  Evans  Blue. — When  young  rats  (neAvborn  to  17  days) 
were  injected  intracardially  wdth  1.25  per  cent  Evans  blue,  the  dye  was  seen 
to  color  the  region  of  the  jaw  immediately  and  in  a  selective  manner,  whereas 
other  sites  such  as  abdominal  subcutaneous  tissues  or  nongrowing  areas  were 
virtually  unstained.  If  the  animals  were  killed  within  an  hour  after  injection, 
the  dye  wms  found  to  be  either  in  the  blood  vessels  or  in  the  extracellular 
ground  substance  (Fig.  6).  Only  after  much  longer  periods  was  dye  observed 
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ill  the  connective  tissue  cells  or  in  the  eiuiniel  or  dentin  forniiii};  cells.  In 
youiifrer  animals  (1  to  4  days  old)  the  dye  was  most  concentrated  in  the  {rroimd 
substance  of  the  tooth  pulp  and  in  the  enamel  orfran.  The  connective  tis.sue 
frround  .substance  of  the  overlyinj;  oral  dermis  bound  lesser  amounts  of  dye.  As 
the  tooth  became  more  differentiated  and  approached  the  surface  of  the  oral  cav¬ 
ity,  the  concentration  of  Evans  blue  in  the  submucosa  increased.  The  dejjree  of 
coloring  of  the  pulpal  ground  substance  was  somewhat  diminished  but  the  enamel 
ejiithelium  retained  its  affinity  for  the  dye. 

Observations  on  Acqueous  Extracts  of  (iround  Substance. — When  the  mu- 
co.sa  over  the  developing  teeth  of  fetal  jiijjs  or  calves  is  dis.sected,  a  jelly-like  mass 
is  uncovered  which  forms  a  continuum  from  the  submucosa  to  the  tooth  fjerm. 
Several  };rams  of  this  substance  were  collected  from  fresh  fetuses  and  extracted 
for  30  minutes  with  an  equal  volume  of  cold  M/15  pho.sphate  buffer  (pH  6),  con¬ 
taining  Merthiolate  1 :10,000  to  inhibit  bacterial  fyrowth.  The  mixture  was  centri¬ 
fuged  and  the  viscous  straw-colored  supernatant  fluid  was  decanted  and  studied. 
The  liquid  developed  a  .sticky  consistency  as  it  dried.  It  fjave  a  ])ositive  test  for 
carbohydrate  with  the  periodic  acid-leucofuchsin  reagents.  Oertain  of  the  dis¬ 
solved  fractions  could  be  precipitated  upon  the  addition  of  ethanol  and  also  iqion 
adjustiiif;  the  pH  to  around  4  with  acetate  buffer. 

The  pre.sence  of  hyaluronic  acid  was  checked  by  the  viscosimetric  ]>rocedure. 
One  milligram  of  fluid  was  placed  in  a  viscosimeter  which  was  maintained  at 
37°  r.  in  a  water  bath.  The  viscosity  of  the  solution  dropped  raj)idly  upon  the 
addition  of  small  amounts  of  testicular  hyaluronidase.  (Fi^.  1).  The  curve  ob¬ 
tained  from  the  data  had  the  same  characteristics  as  that  obtained  from  known 
]>rei)a  rat  ions  of  hyaluronic  acid. 

DISCl’SSlOX 

The  ‘jround  substance  surroundin}?  ffrowin"  eruj)tinfr  teeth  contains  a  num¬ 
ber  of  carbohydrate  components.  One  of  these  apj^ears  to  l)e  hyaluronic  acid. 
Tliis  moiety,  together  with  certain  residues  of  {jlycoprotein  polymers,  may  con¬ 
stitute  the  alcohol-insoluble,  w'ater-.soluble  fraction.  Another  •rroup  of  com- 
])onents  is  formed  by  carbohydrate-iirotein  complexes. 

The  tentative  identification  and  characterization  of  these  substances  have 
dei)ended  upon  histochemical  methods  and  uj)on  some  coai’se  i)hysicJd  and  chemi¬ 
cal  evidence.  Thus  the  pre.sence  of  hyaluronic  acid  is  suff^ested  by  the  changed 
staining  reaction  after  treatment  of  sections  Avith  hyaluronidase  and  by  the 
viscosimetric  results.  The  digestion  of  substances  with  tryi>sin,  pei)sin,  and  with 
collagenase  as  shown  by  the  diminished  .stainability  with  the  periodic  acid-leuco¬ 
fuchsin  reagents  is  evidence  that  carbohydrate-i>rotein  complexes  are  i)resent.  A 
portion  of  this  protein  is  soluble  in  water  and  is  irreversibly  precipitated  by  al¬ 
cohol  as  was  demonstrated  in  Imth  tissue  sections  and  extracts.  Still  another 
fraction,  which  is  thought  to  be  highly  polymerized  is  insoluble  in  water  and 
rather  inert  chemically.  This  is  l)elieved  to  be  tbe  precursor  of  smaller  water- 
soluble  residues  such  as  glycopolypeptides.  The  j)resence  of  these  residues  is 
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sufrirostcd  by  the  oliservation,  with  the  period ie  acid-leiicofuchsin  procedure,  of 
material  which  can  precipitated  by  alcohol  but  which  can  then  l)e  redissolved 
in  water  (phosphate  buffer  pll  7).  A  portion  of  this  hioiety  may  also  comprise 
hyaluronic  acid  or  possibly  chondroitin  sulfuric  acid. 

It  has  been  proposed  by  Gersh  and  Catchpole^  that  the  depolymerization  of 
the  connective  tissue  jjround  substance  is  due  to  the  action  of  mucolytic  enzymes 
elaborated  by  the  cells  of  the  connective  tissue.  As  a  consecpience  of  such  enzyme 
activity  the  frround  substance  is  maintained  in  a  plastic  labile  state  which  is  the 
very  basis  for  its  alterations  in  certain  physiologic  and  pathologic  states.  Thus, 
for  example,  it  has  been  show  n  that  the  amounts  of  alcohol-insoluble,  water-.solu- 
ble  carbohydrates  is  increased  in  sites  of  connective  tissue  reactivity  as  in  tissue 
injury  and  growing  tumors,®  in  the  pubic  symphysis  following  the  injection  of 
relaxin,®  and  in  the  connective  tissue  around  the  gonadotrophin  stimulated 
ovary 

It  is  in  these  areas  of  depolymerized  ground  .substance  that  the  dye  Evans 
blue  is  localized  and  thought  to  be  bound  by  the  reactive  groups  which  are  lib¬ 
erated.  The  binding  of  Evans  blue  in  the  ground  .substance  about  erupting 
teeth,  together  with  the  presence  of  large  amounts  of  water-.soluble  polysac¬ 
charide  components,  is  another  .specific  instance  which  follows  in  this  same  pat¬ 
tern  of  connective  ti.ssue  lability. 

These  observed  changes  of  the  ground  substance,  including  the  solution  of 
the  overlying  bone,  can  be  regarded  as  the  removal  of  a  kind  of  dermal  barrier 
to  the  growing,  erupting  tooth. 

One  is  led  to  speculate  on  some  of  the  implications  of  this  phenomenon  of 
ground  substance  plasticity  for  the  problem  of  tooth  eruption;  for  e.xample,  the 
responsiveness  of  the  connective  tissue  to  hormonal  influences  may  well  explain 
the  accelerated  prepubertal  and  jmbertal  changes  in  the  dentition,  or  the  re¬ 
tarded  eruption  pattern  observed  in  children  with  thyroid  deficiency.  The  con¬ 
stitutional  symptoms  so  often  seen  in  young  children  w’ho  are  teething  might 
he  due  to  the  considerable  ti.s.sue  changes  in  the  jaws  during  this  period,  and 
the  fever  might  conceivably  be  due  to,  or  accompany,  the  diffusion  of  glyco- 
protein  residues  into  the  general  circulation. 

SUMMARY 

The  connective  tis.sue  ground  substance  overlying  and  surrounding  grow¬ 
ing  erupting  teeth  contains  carbohydrate  components.  In  some  forms  such 
as  the  fetal  pig  and  calf  and  in  the  young  rat,  large  quantities  of  hyaluronic 
acid  api)ear  to  be  present.  As  the  teeth  approach  the  surface  of  the  oral  mu¬ 
cous  membrane,  the  ground  substance  is  altered;  it  is  thought  to  become  de¬ 
polymerized  as  deduced  by  its  ability  to  bind  vitally  injected  Evans  blue,  its 
staining  reaction  with  the  periodic  acid-leucofuchsin  procedure,  and  its  in¬ 
creased  content  of  w^ater-soluble  alcohol-insoluble  carbohydrate. 

The  author  wishes  to  express  his  thanks  to  Dr.  I.  Gersh  and  to  Dr.  H.  R.  Catchpole 
for  their  counsel. 
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THK  TOIHKJRAI’HY  AND  ROLE  OF  TIIE  OINGIVAL  FIBERS 
HENRY  M.  GOLDMAN,  D.M.D. 

From  the  Oral  Patholo/iy  Laboratory,  Beth  Israel  Hospital,  Boston,  Mass. 


AliTIIOlJCiH  the  clinical  appearance  of  the  healthy  gingiva  has  been  re- 
])orte(l  rei)eatedly,’’  ®  there  have  been  but  a  few  brief  descriptions  con¬ 
cerning  the  topography  of  the  connective  tissue  fibers  which  compose  the  main 
bulk  of  the  gingiva.  The  purpose  of  this  investigation  was  to  study  the  ar¬ 
rangement  of  those  fibers  of  the  attachment  apparatus  which  are  connected  to 
the  root  of  the  tooth  occlusal  to  the  alveolar  crest,  and  to  suggest  their  role  in 
the  dental  attachment  apparatus  in  health. 

MATERIAL  AND  .METHODS 

The  present  study  is  based  upon  the  examination  of  the  jaws  of  two  rhesus 
monkeys  {Macaco  mulatto)  and  one  human  being..  The  ages  of  the  animals  were 
approximately  1  and  4  years;  the  age  of  the  human  being  was  29.  The  gingivae 
appeared  firm,  pink,  and  well  attached;  no  obvious  pocket  formation  could  be  dis¬ 
cerned.  The  sections  studied  were  taken  from  various  regions  of  the  maxilla  and 
mandible.  They  were  fixed  in  B^ormalin  and  decalcified  in  5  per  cent  nitric  acid, 
dehydrated,  embedded  in  colloidin,  and  sectioned  .serially.  Sections  were  cut 
longitudinally,  both  buccolingually  and  mesiodistally,  and  transversely  from  the 
gingival  margin  down  to  the  alveolar  crest.  Every  fifth  section  was  stained  with 
hematoxylin  and  eosin;  other  sections  were  stained  with  Wilder's  silver  stain  and 
Mas.son’s  stain. 

FINDIXOS 

The  gingival  fibers  consist  of  coarse  eollagenous  fibers  embedded  on  one 
end  in  the  cementum  (Sharpey’s  fibers)  and  terminating  on  the  other  in  the 
papillary  layer  of  the  gingiva  subjacent  to  the  epithelium.  The  fiber  bundles 
pass  outward  from  the  cementum  in  groups  breaking  up  in  the  gingival  corium 
into  a  meshwork  of  small  bundles,  the  fibers  of  which  interlace  with  one  an¬ 
other.  While  the  course  of  the  fibers  can  be  determined  in  sections  stained  with 
hematoxylin  and  eosin,  they  are  be.st  viewed  either  with  Wilder's  silver  stain  or 
a  connective  tissue  stain. 

In  the  buccolingual  aspeet,  beginning  .subjacent  to  the  epithelial  attach¬ 
ment,  connective  tissue  fibers  arising  from  the  cementum  pass  out  at  right 
angles  to  its  surface  for  a  short  distance  and  then  bend  oeclusally,  passing  into 
the  gingiva  and  terminating  in  the  papillary  layer  of  the  gingival  epithelium. 
The  fibers  subjacent  to  those  just  described  arise  from  the  cementum  and  run 
across  the  gingiva  at  right  angles  to  the  tooth,  becoming  incorporated  in  the 
papillary  layer  of  the  gingiva.  A  little  farther  apically  the  fibers  arise  from 
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the  comontuin,  pass  at  I’ijrht  anjrles  to  the  tooth  direetly  over  the  alveolar  crest, 
and  incline  apically  between  the  outer  perhtsteiun  of  the  alveolar  process  and 
the  epithelial  coveriiifj:  of  the  attached  (;in);iva.  These  latter  fibers  join  with 
small  fibers  arising  from  the  outer  periosteum  and  on  the  other  side  with  fibers 
running  into  the  papillary  layer  of  the  epithelium.  These  bundles  form  a  dis¬ 
tinct  group  tending  to  attach  the  tooth  to  the  outer  layer  of  the  periosteum 
and  also  to  keej)  the  attaehed  gingiva  closely  adapted  to  the  underlying  bone 
and  tooth. 


Fig.  1. — Diagrammatic  sketch  of  the  pattern  of  the  gingival  flhers. 

Fig.  1  illustrates  the  course  of  the  gingival  fibers  from  the  buccolingual 
aspect.  For  convenience’s  sake  they  have  been  divided  into  three  groups: 
those  arising  from  the  cementum  subjacent  to  the  epithelial  attachment  have 
been  labelled  *4,  while  the  fibers  more  apically  situated  are  labelled  B  and  C. 
The  group  A  can  be  seen  under  high  power  in  Fig.  2  (monkey  material — 
Wilder's  silver  stain — buccal  aspect).  The  coarse,  broad  fibers  composing  the 
gingival  mat  can  be  seen  terminating  in  the  papillary  layer  of  the  gingiva. 
The  cris.scross  pattern  of  the  fibers  is  consistent  with  most  sections  studied  in 
the  monkey  and  the  human  being. 

The  second  group,  B,  is  illustrated  in  Figs.  3  and  4  (human  material — 
Wilder’s  silver  stain — lingual  a.spect).  One  group  of  fibers  (Fig.  3)  at  B 
can  be  seen  arising  in  a  cementoid  substance  passing  laterally.  The  branching 
api)earance  and  con.sistency  of  the  fibers  are  apparent.  The  third  group  of 
fibers  is  seen  at  C  while  the  alveolar  crest  fibers  of  the  periodontal  membrane 
are  seen  at  AC.  In  Fig.  4  (human  material — Wilder’s  silver  stain — lingual 
asi>ect)  the  termination  of  the  fibers  of  the  B  group  is  .seen  at  B.  The  fibers 
pa.ss  into  the  lamina  propria  up  to  the  i)apillary  layer  ending  directly  subjacent 
to  the  epithelium.  Whether  there  is  some  sort  of  attachment  to  the  epithelium 
could  not  be  ascertained.  However,  it  is  probably  this  relationship  of  fibers  to 
the  surface  epithelum  which  accounts  for  the  stippling  of  the  gingival  surface, 
seen  clinically. 

The  third  gnjup  of  fibers,  C,  can  be  seen  in  Figs.  4,  5,  and  6  (human  mate¬ 
rial — lingual  aspect).  In  Fig.  4  the  fiber  bundles  are  seen  at  ('  coursing  be¬ 
tween  the  outer  periosteum  of  the  alveolar  process  and  the  attaehed  gingiva. 


Figs.  2-6. — B,  The  B  group  of  fibers ;  C,  the  C  group  of  fibers ;  BO,  bone ;  AC,  alveolar  crest 
fibers  of  the  periodontal  membrane ;  CE,  cementum ;  E,  epithelium ;  X,  origin  in  the  cementum 
of  the  C  group  of  fibers.  (Buccal  or  lingual  aspect.) 

The  branching  of  the  fiber  bundles  allows  for  the  connection  with  smaller 
groups  of  fibers  running  to  the  gingiva  and  the  periosteum,  h'ig.  5  is  a  low- 
power  photomicrograph  (human  material — hematoxylin  and  eosin  stain)  show¬ 
ing  the  course  of  the  C  group  on  the  lingual  aspect  of  a  lower  set*ond  premolar. 
The  fibers  arise  in  the  cementum  at  A'  and  pass  laterally  and  apically,  by-pas.s- 
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ing  th(*  ulv«M)lar  cre.st  ainl  travfllinK  hctwofu  the  )»ut<*r  periostcuiiT  and  the 
attaehe<l  (riiiKiva.  Fift.  h  is  a  hi>rh-p(»wer  photoiniernjfraph  (human  material — 
Wihler’s  silver  stain)  showing  the  character  nf  the  fiber  bundles. 

(Ml  the  proximal  siiles,  the  connective  tissue  fibers  arise  from  the  cementurn 
at  the  same  level  as  those  on  the  buecal  and  lingual  aspects.  The  jfroup  sub¬ 
jacent  to  the  epithelial  attaehment  pas.ses  occlusally,  travelling  parallel  to  the 
erevicular  epithelium,  and  terminates  in  the  papillary  layer  of  the  coverinf? 
e|>ithelium  of  the  F{i»tfiva.  3’he  next  adjacent  ^roup  of  fibers  also  passes 
occlusally  and  seemiuFfly  makes  up  the  framework  for  the  interproximal  j(in- 
f?iva.  Directly  subjacent  to  these,  the  fibers  travel  across  the  interproximal 
space  over  the  alveolar  erest  and  are  attached  to  the  adjacent  tooth;  thus  these 
bundles  form  a  ilistinet  >;roup  which  binds  one  toofh  to  another  (the  transeptal 
fibers).  When  labiolin^ual  sections  directly  above  the  alveolar  crest  are 
studied,  cross  sections  of  these  fibers  are  ajiparent. 


File.  9. — I.ow-power  pI'otoniicroKraph  showing?  the  topoKraphy  of  the  aing-ival  fibers  of  the 
hueoal  anil  palatal  aspects  anil  also  lllu.stratinK  the  ilifference  in  bulk  of  the  two. 

The  pattern  of  the  ffingival  fibers  in  the  niesiodi.stal  as|)ect  can  be  seen  in 
Fijrs.  7  and  8.  In  Fif?.  7  (human  material — hematoxylin  and  eosin  stain)  a 
group  of  fibers  originating:  in  the  cementurn  subjacent  to  the  epithelium  attach¬ 
ment  (at  the  ceniento-enamel  junction)  passes  occlusally  and  laterally,  parallel¬ 
ing  the  epithelium.  Another  group  more  aiiically  placed  can  be  seen  going 
laterally  at  F.  These  fibers  also  bend  occlusally,  forming  the  mat  for  the  inter¬ 
proximal  papilla.  This  is  more  clearly  illustrated  in  Fig.  8  in  which  the  fiber 
pattern  can  be  discerned  (human  material — hematoxylin  and  eosin  stain).  The 
fiber  endings  can  be  seen  directly  subjacent  to  the  epithelium  and  the  inter¬ 
woven  appearance  of  the  fibers  is  ap])arent.  In  the  low-power  photomicrograph 
insert,  the  course  of  the  transeptal  fibers  can  be  followctl. 

Study  of  the  buccal,  lingual,  and  palatal  gingiva  reveals  a  ditference  in 
quality  and  quantity  of  the  gingival  fibers  in  the  former  as  compared  to  the 
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latter  two.  The  fibers  on  the  hueeal  aspect  are  fewer  in  nnmher,  and  the  fiber 
itself  appears  less  coarse.  This  can  be  correlated  with  the  topofrraphy  and 
function  of  the  frinjriva  in  that  the  buccal  >rinyrival  tissue  is  both  thinner  aial 
less  bulky  and  also  receives  less  stress.  Fijr.  0  is  a  low-power  ]>hotoinicro5iraph 
of  a  Iniccopalatal  section  of  a  maxillary  incisor  showing  the  topoffraphy  of  the 
gingivae  (monkey  material — hematoxylin  and  eosin  stain).  These  findings 
seemingly  hold  true  for  both  monkey  and  human  material. 

INTERPRKTATIO.N'  OK  KIWCTION 

The  function  of  the  gingival  fibers  is  to  sui)i)ort  the  gingiva,  keeping  it 
closely  adapted  to  the  tooth  surface,  thus  sustaining  the  gingiva  against  the 
forces  placed  on  it  during  mastication.  These  fibers  may  also  help  in  the  di.s- 
sipation  of  the  force  placed  on  the  tooth  during  function.  The  fibers  .subjacent 
to  the  epithelial  attachment  act  as  a  barrier  against  aincal  migration  of  this 
tis.sue  preventing  subsequent  recession.  Thus  the  gitigival  fibers  not  only  sus¬ 
tain  the  forces  placed  on  the  gingiva  but  also  inhibit  apical  migration  of  the 
ejuthelial  attachment. 

SU.MM.\RY 

The  to{mgraphy  and  function  of  the  gingival  fibers  has  been  presented.  It 
was  noted  that  the  connective  tissue  fibers  of  the  buccal  gingiva  are  not  as 
coarse  or  as  numerous  as  those  on  the  lingual  or  palatal  .surfaces.  The  func¬ 
tion  of  the  gingival  fil>ers  is  to  support  the  gingiva,  keeping  it  closely  adapted 
to  the  tooth  surface  and  sustaining  it  against  forces  i)laced  on  it  during  mas¬ 
tication. 
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TMK  purposr  of  this  stinly  was  to  (Iptorminc  the  ros|K)nse  of  the  mandibular 
joint  ami  tlie  |nM  io<lontium  of  weanliuR  rats  to  a  diet  defieient  in  the  vitamin 
B  complex  and  the  course  of  repair  in  these  structures. 


MATKRI.M.  AND  METHODS 

h’ifty-five  rats  of  the  Wiseon.sin  strain  (24  males  and  31  females),  19  to  22 
(lays  old,  were  divided  into  three  Rroui)s  with  littermates  and  animals  of  the 
same  sex  e(|ually  di.strihuted  amon<;  them. 

Series  1. — Twelve  rats  were  kept  on  water  and  a  stock  diet  of: 


CM.  % 

Yellow  corn  meal 

51.55 

Powdered  whole  milk 

9.15 

Powdered  skim  milk 

9.15 

Linseed  meal 

3.S6 

Wheat  {jerm 

1.44 

t>ude  casein 

9.63 

.Mfalfa  leaf  meal 

9.63 

Dried  brewers’  meal 

0.96 

S(Mlium  chloride 

0.39 

Palcium  carbonate 

0.39 

Pod-liver  oil 

0.96 

Crisco 

2.89 

100.00 

The.'^e  rats  were  killed  after  18,  24,  30,  or  40  days  on  the  diet. 

Series  II. — Twenty-one  animals  received  water  and  the  following  vitamin  B 
fret‘  diet : 

CM.  % 


(’asein  (vitamin  free)  18.00 

Starch  (.Viilieuser-Buscli  vitamin  free)  02.tK) 

Merck  salt  mixture  No.  1  4.0t> 

(\Ml-liver  oil  (Mead  Johnson)  2.00 

('risco  14.00 


100.00 

The  duration  of  the  experiments  was  the  stime  as  in  Series  1,  unless  the  iHH»r 
condition  of  the  animals  neee.ssitated  that  they  he  kilUnl  earlier. 

This  study  was  rIcUmI  In  imrt  by  a  Rrant  fr«>ni  tlu*  I’nitcd  States  Dublie  Health  Service. 
Some  of  the  exiM-rimcntal  animals  were  siipidied  by  .Anheu.ser  Huscb,  Inc..  St.  l.ouU.  Mo., 
throujfh  the  courtesy  of  Mr.  Kred  YouiiKer. 

Received  for  publication.  N*>v.  20,  1950. 
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Sorios  111. — T\von1y-t\vo  nits  mrivod  watt*r  aTul  tlio  (U'ficioiit  iliet,  hut  wore 
ri'ftHl  the  stuck  diet  for  u,  10,  21,  or  :i()  days.  As  a  rule,  rofoodinia:  was  ho>;un 
after  throe  wtH'ks.  The  rats  were  weijrhed  once  a  week.  At  the  end  of  each 
oxi>erinient,  the  experimental  animals  and  their  controls  were  killed  with  chloro¬ 
form.  The  heads  were  rmnoved,  fixed  in  10  per  cent  Formalin,  decalcified  in  a 
formic  acid-citrate  mixture,  and  emliedtled  in  paraffin.  Serial  sections,  stained 
with  hematoxylin  and  iMisin,  were  i>repan*<l  for  histolojric  stiulies. 

OaSKRVATIOXS 

At  the  iH'jrinninjr  of  the  experiment,  the  mean  weijrht  of  males  was  42  ±  1 
"rams;  that  of  the  females  was  40  ±  (i  }rrams.  During  eifjhteen  days,  the  de¬ 
ficient  animals.  Imth  male  and  female,  fiaincd  12  to  14  grams,  whereas  in  the 
normal  control  group,  the  males  gained  oO  grams  and  the  females  68  grams. 
Suhsequently,  the  weights  of  the  deficient  animals  dropped  sharply.  After 
twenty-four  days,  the  loss  was  7  ±  ^4  snims  in  males  and  4  ±  3  grams  in  females, 
and  after  30  days.  11  ±  1  grams  in  males  and  9  ±  2  grams  in  females.  The  de¬ 
ficient  state  was  tolerated  for  thirty-four  days  hy  one  male  that  lost  18  grams. 
Females  were  more  resistant,  four  animals  surviving  for  more  than  30  days  and 
one  for  40  days.  The  average  weight  loss  of  these  animals  was  16.4  grams. 

After  the  animals  had  been  refed  the  stock  diet  for  five  days,  the  average 
weight  of  the  males  increasetl  hy  46.7  grams  and  that  of  the  females  by  40.3 
grams,  while  the  normal  controls  gained  lo  grams  in  the  corresponding  period  of 
time.  After  ten  days,  the  weights  of  the  refed  animals  still  remained  25  to  30 
per  cent  l>elow  those  of  the  controls.  At  twenty-one  days,  the  weights  of  the 
refed  rats  began  to  equal  those  of  the  nonnal  ones,  and  after  thirty  days  the 
weights  of  two  of  the  refed  animals  surpa.ssed  those  of  the  controls. 

Microscopic  Changes  in  the  ManeJihular  Joint. — After  twenty-one  days  of 
the  deficient  diet,  there  were  slight  changes  in  the  mandibular  joint  and  there 
was  resorption  of  the  under  surface  of  the  temporal  Iwne  in  several  areas.  The 
cartilage  cells  of  the  condylar  head  were  somewhat  reduced  in  size,  and  the 
cartilage  cap  was  slightly  narrower  than  usual.  The  single  row  of  cells  was 
composed  of  2  or  3  intennediate  and  1  to  3  hypertrophic  cartilage  cells  (normal 
— 3  or  4  intermediate  and  2  or  3  hypertrophic  cells).  The  subchondral  area 
was  proi>erly  vascularized,  and  endochondral  ossification  was  proceeding  in 
the  normal  manner.  The  number  of  spicules,  however,  was  slightly  decreased. 
The  bony  si)icules  were,  for  the  most  i)art,  covered  with  polygonal-shaped  osteo¬ 
blasts.  but  in  stjine  areas  these  cells  a.ssumed  a  spindle  shape.  Subperiosteal 
lx>ne  formation  appeared  normal. 

After  twenty-eight  days  (Fig.  1,  the  condylar  head  had  become  markedly 
flattened.  Both  chondrogenesis  and  osteogenesis  were  remarkably  retarded. 
The  shortemsl  cap  was  composed  of  1  or  2  intermediate  and  0  or  1  small  hyper- 
troi>hic  cartilage  cells.  Below^  the  cap  there  was  a  thin  transverse  lamina  of 
l>one  incompletely  delimiting  it  from  the  marrow  cavity.  The  first  evidence  of 
this  lamina  apjieared  on  the  twenty-third  day.  The  subchondral  area  was  less 
vas<‘ular  and  contained  ordy  an  occasional  bony  spicule.  The  endosteal  and 
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Fig.  1. — A,  Condyle  of  28-day-old  control  rat.  /f,  C»)ndyle  of  rat  on  H  tnaiiplfx  ilertoient  diet 
for  four  weeks,  showing  resorption  of  under  surface  of  teniu«>ral  lame,  ttattening  of  lamdylar  head 
with  narrowing  of  cartilage  cap.  There  is  subchondral  lH>ny  linkage,  reduction  in  number  of 
spicules,  and  serous  atrophy  of  nmrrow.  Condyle  of  rat  on  dehclent  diet  for  forty  days,  ex¬ 
hibiting  marked  atrophy  of  condylar  liead  and  ramus,  evident  to  a  lesser  degree  in  ft.  f>.  Con¬ 
dylar  head  of  mandible  of  rat  refed  stock  diet  for  three  days.  .Note  resumption  of  ohondix>- 
genesis  and  o.steogene8is,  restoration  of  hi‘mato|>oiesis,  and  normal  sliaia'  of  condylar  head. 
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periosteal  surfaces  were  covered  by  a  discontinuous  layer  of  spindle  cells  with 
elongated  cytoplasm  which  completely  replaced  the  iwly^onal-shaped,  active 
osteoblasts.  The  entire  ramus,  to  tlie  inferior  Iwrder,  was  "reatly  reduced  in 
thickness,  as  was  the  marrow  space.  The  marrow  was  edematous  and  showed 
a  marked  decrease  in  hemopoiesis  as  evidenced  by  a  paucity  of  cells  of  the 
white  .series  and  me^takaryocytes. 

After  thirty-five  days,  the  chanjjes  descril)ed  were  even  more  pronounced. 
The  cartilage  caj)  consisted  of  1  or  2  intermediate  cells;  no  hypertrophic  cells 
were  i)resent.  The  cartilafje  matrix  was  abundant.  Changes  in  the  osteoblasts 
were  as  previously  described.  The  transverse  bony  lamina  was  completed  by 
this  time.  There  were  no  Imny  spicules  in  the  subchondral  area.  Serous  atrophy 
of  the  marrow  was  more  pronounced.  There  was  a  further  diminution  in  the 
width  of  the  ramus.  Resorihion  of  the  under  surface  of  the  temi>oral  Imne  was 
observed  in  a  numl)er  of  areas  but  did  not  appear  to  be  more  advanced  than  on 
the  twenty-first  day.  After  forty  days  (Fig.  1,  C)  the  cartilage  cap  consisted  of 
0  to  2  atrophic  cells.  Other  changes  were  comparable  to  those  already  described. 
Sex  differences  were  not  i)ronounced.  The  changes  in  the  females  were  of  the 
.same  kind  and  degree  as  those  in  the  males,  but  were  a  few  days  slower  in 
developing. 

Effect  of  Hef ceding  on  the  Mandibular  Joint. — After  the  animals  had  Ihhui 
refed  the  sto<*k  diet  for  three  days  (Fig.  1,  D)  the  growth  of  the  cartilage  cap 
of  the  condyle  and  enchondral  and  subperiosteal  (intramembranous)  ossification 
was  n'sumed  with  remarkable  intensity.  The  condylar  head  expanded  and  lost 
its  flattened  appearance.  The  cap  consisted  of  3  or  4  intermediate  and  4  or  5 
hyi)ertrophic  cells.  The  subchondral  area  aj)peared  well  vascularized  and  con- 
taimni  numerous  o.sseous  spicules  covered  with  polygonal  osteoblasts.  The  trans¬ 
verst*  l>ony  lamina  disappeared,  and  osteoclasts  were  numerous  in  lx>th  the  sub¬ 
chondral  area  and  the  upper  part  of  the  inner  surface  of  the  ramus.  An  oc¬ 
casional  spicule  of  bone  in  this  area  had  an  osteoid  border.  On  the  outer  or 
lateral  surface  of  the  ramus  (Fig.  2,  A)  there  was  intense  sub|)eriosteal  bone 
formation,  characterized  by  a  reticular  pattern  of  bone  spicules  enclosing  large 
Ilavei'sian  spaces.  The  spicules  of  lK)ne  adjacent  to  the  osteoblastic  layer  of  the 
IH*riosteum  })resented  Imrdei's  of  osteoid.  Bone  deiKJsition  on  the  inner  surfa<*e 
of  the  ramus  lagged  far  behind  deposition  on  the  outer  surface,  and  polygonal 
osteoblasts  w’ere  far  less  numerous.  The  undersurface  of  the  temporal  bo!ie, 
especially  that  portion  lateral  to  the  head  of  the  condyles,  and  the  inferior 
lx)rder  of  the  mandible  (Fig.  2,  1))  showed  marked  Imny  deposits,  .some  of  which 
were  uncalcified.  The  periosteum,  which  iii  the  <leficiency  state  had  o.stensibly 
disai)peared,  was  regeneratecl. 

After  ten  days  of  irfeeding,  the  caililage  cap  contained  4  or  5  intermediate 
and  4  to  h  hypertrophic  cells.  Intracartilagenous  bone  formation  appeared  to 
Ik*  proceeding  in  normal  fashion.  The  ramus  had  widened  remarkably  (Fig. 
2,  ('),  and  the  osteoid  borders  on  the  subperiosteal  bony  spicules  hail  larg«‘ly 
divsapiMiai-ed.  Only  a  small  amount  of  osteoid  was  pit'S4*nt  on  the  lateral  portion 
of  the  temporal  bone  and  the  inferior  Imrder  of  the  mandible  (Fig.  2,  H  and  E). 
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Fiff.  3. — A,  Root  of  molar  tooth  of  rat  on  deficient  diet  for  twenty-one  days  showing  re¬ 
sorption  of  cementum  and  dentin,  replacement  with  fibrous  connective  tissue.  Note  osteoclast  in 
resorbed  area  and  narrowness  of  la-riodontal  space.  B,  Corre8pon<ling  molar  root  of  rat  refed 
stock  diet  for  ten  days.  Note  partial  repair  of  re.sorption  area  with  bonelike  material,  increase 
in  width  of  p«-riodontai  membrane.  C,  Rifurcation  area  of  molar  tooth  of  rat  forty  days  on  the 
deficient  (liet.  Note  atrophy  and  edema  of  p»‘riodontal  membrane,  atrophy  of  marrow.  D, 
t'orresponding  area  to  (',  in  rat  refed  stock  iliet  for  three  days,  exhibiting  marked  regeneration 
of  |)eriodontal  membrane  and  marrow. 
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After  fourteen  days,  the  eap  i)resented  2  or  3  intermediate  and  1  or  2 
hypertrophic  cartilage  cells.  The  mandibular  joint  and  ramus  appeared 
es.sentially  normal.  Only  a  minute  amount  of  osteoid  persisted  on  the  inferior 
and  lateral  surfaces  of  the  temporal  hone. 

Changes  in  the  Periodontium. — The  periodontal  tissues  in  the  maxillary 
molar  areas  were  studied.  Before  fourteen  days  of  the  detieient  diet,  no  changes 
wen*  noted.  After  fifteen  day.s,  multiple  areas  of  resorption  of  the  eementum, 
extendiii};  into  the  dentin,  were  observed  (Fi};.  3,  A).  These  areas  were  marked 
on  the  mesial  surface  of  the  mesial  root  of  the  first  molar  and  the  distal  surface 
of  the  mesial  and  distal  roots  of  the  second  and  third  molars.  Osteoela.sts  were 
numerous  in  these  areas,  and  fibrous  connective  tissue  replaced  the  resorhed 
tooth  structure.  Osteoblasts,  osteoclasts,  and  odontoblasts  were  normal  in  aj)- 
I)earance.  This  resorptive  process  continued  to  progress  to  the  twenty-fourth  day 
of  the  deficiency. 

After  about  twenty-five  days,  the  o.steol)lasts  coverinfr  the  alveolar  lame 
chaiified  in  appearance  from  the  usual  polygonal  to  s]>indle-shai)ed  cells  with 
eloiifjated  cytoplasmic  processes.  There  was  a  decrea.se  in  the  number  of  hone 
spicules  in  the  periodontal  Imne.  The  interradicular  Imne  was  reduced  in 
amount  providing  more  marrow  space  than  normal.  The  marrow  in  this  area 
showed  early  serous  atrophy.  The  periodontal  membrane  in  the  bifurcation 
showed  atrophic  changes.  There  was  a  decrease  in  the  number  of  collagen 
fibers  and  an  edematous  appearance  to  the  stroma  (Fig.  3,  C).  At  thirty-four 
days,  the  changes  were  similar  to  those  just  described  hut  more  severe  in  in¬ 
tensity.  By  forty  days,  changes  similar  to  those  at  thirty-four  days  were  noted. 

The  Effect  of  Hefeeding  on  the  Periodontium. — After  the  animals  had  been 
refed  the  stock  diet  for  three  days,  there  was  a  restoration  of  osteoblastic  and 
osteoclastic  activity.  The  former  was  so  rapid  in  some  areas  that  osteoid  was 
deposited  without  calcification.  The  connective  tis.sue  cells  of  the  i>eriodontal 
membrane  became  plump,  and  there  were  focal  areas  of  fibroblastic  hyi)erplasia. 
The  areas  previously  described  as  showing  atrophic  changes  in  the  connective 
tissue  were  rt'stored  to  normal.  The  edematous  stroma  disai)peared  and  was  ir- 
placed  by  fibrobhustic-rich  connective  tissue  (Fig.  3,  />).  The  ap])earance  of 
the  marrow'  was  restored  to  normal;  only  minute  focal  areas  of  serous  atrophy 
remained.  An  occasional  area  of  resorbed  dentin  showed  repair  by  bone  or 
eementum. 

After  ten  days  of  refeeding,  there  was  still  active  Imne  formation.  Oc¬ 
casional  borders  of  osteoid  were  noted.  The  ])eriodontal  membiane  had  bect)me 
less  cellular.  The  marrow  was  normal.  Several  areas  of  tooth  resorption  showeil 
repair  (Fig.  3,  It),  while  other  areas  showed  no  repair. 

The  process  of  rei)air  was  a|)imrently  continuous  and  active,  even  after 
thirty  days  on  the  rei)air  diet.  At  this  time,  the  periodontal  structures  were 
entirely  normal  in  appearance,  except  for  occasional  re|)aired  resorption  areas 
of  the  root. 

i)iscrs.siox 

The  findings  in  the  head  of  the  mandibidar  condyle  aiv,  in  many  resjiects. 
similar  to  those  observed  in  the  epiphyseal  disc  of  the  long  bones  of  rats.'  Early 
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changes  are  minimal,  siififiestinj;  that  bone  jjrowth  eontinues  for  a  short  time  at 
only  a  slifjhtly  redueed  rate.  Either  tissue  vitamin  reserves  are  suffieient  to 
permit  these  processes  to  continue,  or  the  intestinal  flora  has  the  capacity  of 
synthesizing  the  neees.sary  metabolites  for  this  short  time  interval. 

Refeedin*;  the  stock  diet  resulted  in  a  resumption  of  skeletal  growth  at  an 
intensified  rate.  On  the  lateral  and  inferior  surfaces  of  the  temporal  hone, 
while  there  was  little  or  no  resorption  during  the  deficiency,  there  was  rapid 
addition  of  new  bone  in  the  form  of  osteophytes  on  refeedinj?.  After  three 
days,  a  larfre  ])art  of  the  “bone”  deposited  on  the  temporal  hone  and  the  lateral 
and  inferior  surfaces  of  the  mandible  was  unealeified.  This  suhsefpiently  ma¬ 
tured  so  that  by  fourteen  days  only  a  little  osteoid  remained  on  the  lateral  border 
of  the  temporal  bone.  The  remodeliiif;  of  the  bone  which  had  been  rapidly  laid 
down  was  not  evident  even  after  fourteen  days. 

It  seems  reasonable  to  assume  that  the  tremeiulous  increase  of  growth  on 
the  lateral  surfaces  of  the  ramus  of  the  mandible  and  the  tem])oral  bone  is  due 
to  the  fact  that  growth  normally  occurs  in  this  lateral  direction.^  The  refeeding 
of  an  ade(piate  diet  merely  stimulates  the  growth  of  bone  in  areas  of  normal 
deposition.  The  alveolar  bone  shows  little  evidence  of  rapid  addition  of  new 
bone.  This  is  in  contra.st  to  the  other  bones  of  fibrous  origin  and  cannot  be  ex- 
jdained  at  this  time. 

The  eemental  and  dentinal  resorption  in  the  exi)erimental  animals  is  much 
more  marked  than  in  the  normal  controls.  On  refeeding,  there  is  a  good  deal 
of  eemental  rei)air,  the  areas  of  resorption  being  rei)laced  by  an  osteoid  or 
cementoid  tyi)e  of  material.  This  tyi)e  of  repair  is  never  found  in  the  control 
group. 

The  changes  which  take  ])lace,  i.e.,  failure  of  growth  of  cartilage,  osteoporo¬ 
sis,  and  serous  atrophy  of  bone  marrow,  are  nonspecific.  These  changes  may 
also  take  i)lace  in  inanition.’’  However,  the  changes  in  the  T>-deficient  an¬ 
imals  are  more  severe  than  those  |)ro(luced  by  placijjg  rats  on  a  (piantitatively 
restricted  but  adecpiately  balanced  diet. 

SUMMARY 

The  changes  in  the  mandibular  joint  and  periodontium  of  vitamin  H  com- 
]>lex  deficient  rats  were: 

1.  Diminution  and  cessjition  of  chondrogenesis  and  osteogene.sis. 

2.  Atrophy  of  connective  tissues. 

3.  Serous  atroi)hy  of  Imne  marrow. 

4.  Resorption  of  cementum  and  dentin. 

Refeeding  of  stock  diet  re.sulted  in: 

1.  Rapid  resumption  of  chondrogenesis  and  o.steogenesis. 

2.  Remodeling  of  bone. 

3.  Hyperpla.sia  of  fibrous  connective  tissue. 

4.  Rei)air  of  cementum  and  dentin  by  a  cementum  or  bonelike  substance. 
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A  REPRODUCIBLE  METHOD  FOR  CARIES  EVALUATION 

().  HACKER  DIRKS,  J.  VAN  AMERONC.EN,  AND  K,  C.  WINKLER 
Laboratory  of  Ilyyiene,  Vnivertiity  of  Utrecht,  Holland 

IXTROnrc'TION  :  TDK  IXADKQCACY  OK  CIAXICAI.  METHODS  OF  CARIES  ESTIMATION 

The  frirat  stunil)lin«;  block  in  scientific  caries  research  is  the  difficulty  of  an 
exact  estimation  of  caries  ineidence.  It  is  remarkable  that  so  many  elinieal 
caries  studies  are  undertaken  in  whieh  the  authors  never  ]U‘Ove  the  reproduci¬ 
bility  of  the  used  method.  A  reproducible  method  of  caries  estimation,  when 
used  twice  within  a  short  time  on  the  same  series  of  patients,  should  give  the 
same  number  of  carious  lesions,  all  exactly  of  the  same  localization. 

Carious  lesions  are  many  fold — from  white  or  brown  enamel  discolorations 
uj)  to  large  cavities ;  they  merge  into  each  other  and  every  limit  drawn  must  be 
artificial.  Indeed  many  carious  lesions  cannot  be  diagnosed  with  clinical 
(Arnett  and  Ennis,  1933;  Arnold,  Dean,  and  Singleton,  1944)  or  with  roentgeno¬ 
logic  means  (Burket.  1941),  and  it  is  doubtful  whether  caries  incipiens  really 
can  be  defined. 

To  obviate  this  difficulty  often  only  gross  lesions  are  counted — without 
Imthering  much  alxiut  caries  incipiens — and  one  relies  on  large  numbers  to 
arrive  at  significant  results.  Whether  the  statistieal  significance  is  due  to  the 
factor  which  was  varied  in  the  experiment  (diet,  local  application,  etc.)  or  to  a 
statistically  significant  difference  in  diagnosis  in  one  group  (asymmetric  ob¬ 
servation  error)  remains  doubtful. 

For  the  exact  evaluation  of  a  therapeutic  measure  a  reproducible  method 
for  the  diagnosis  of  caries  incipiens  is  very  necessary.  A  differentiation  be¬ 
tween  caries  prevention  (inhibition  of  the  development  of  entirely  new'  caries 
lesions)  and  caries  arrest  (inhibition  of  progress  of  old,  possibly  not  diagnosed, 
caries)  is  impossible  without  reproducible  methods  for  the  diagnosis  of  caries 
incipiens. 

Since  1945  we  have  been  interested  in  clinical  caries  research.  Studying 
large  groups  of  children  we  found,  in  accordance  with  others  (Deatherage,  Wil¬ 
son,  and  Ledgerwood,  1939;  Radusch,  1941;  Hadjimarkos  and  Storvick,  1948), 
the  reproducibility  of  clinical  I'esults  very  jioor.  (living  special  attention  to 
such  factors  as  illumination,  form  and  quality  of  explorers,  previous  removal 
of  concrements  and  rigid  cleaning  and  drying  of  the  studied  surfaces  (Sognnaes, 
1940)  we  still  found,  even  after  .several  years  of  joint  experience,  that  two  of 
us  studying  the  same  series  of  patients  never  arrived  at  the  same  results.  The 
difference  in  the  number  of  lesions  was  generally  10  per  cent  or  more.  If  one 
of  us  studied  the  .same  series  of  patients  twice,  within  a  fortnight,  again  differ- 

This  work  was  coniplc-tod  with  flnanciul  alil  of  Dobbt'Inian  N.V.,  NiJnieKen.  Holland. 
Kocoived  for  iJiihllcation,  S«*|>t.  25,  1950. 
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ences  of  the  same  order  were  obtained.  Even  when  in  some  series  of  patients  the 
final  numl)er  of  lesions  was  nearly  eriiial,  a  close  comparison  of  charts  revealed 
larjic  differences  in  Iwalization. 

Tsinf!  all  kind  of  precautions  (spotlights,  separatoi*s,  and  rubber  dam)  it 
was  finally  possible  to  arrive  at  a  method  which  fjave  reproducible  results  with 
a  standard  error  of  <Tm  =  2  per  cent  (thirty  patients).  Each  patient  was  studied 
four  times  (twice  by  each  denti.st)  which  took  four  to  five  hours  per  patient. 
This  included  reconsideration  of  surfaces  about  which  a  difference  of  opinion 
existed.  Every  caries-like  discoloration  was  diafjnosed  as  caries  and  the  total 
number  of  carious  surfaces  counted.  A  mean  number  of  60  lesions  was  found 
per  child  (12  to  14  years).  Whether  a  .shift  of  .standard  would  have  occurred 
after  an  interval  of  one  or  two  years  we  do  not  know.  Considering  the  method^ 
too  cumbersome  and  the  error  still  too  larjje,  it  was  abandoned. 

We  concluded  that  an  exact  clinical  estimation  of  caries  incipiens  of  the 
enamel  with  the  available  methods  was  impossible. 

Sometimes  clinical  data  are  completed  with  roentgenologic  examinations. 
As  l)oth  methods  .study  other  kinds  of  lesions,  it  is  our  experience  that  their 
results  cannot  be  added  up  or  correlated.  Furthermore  the  standard  error  of 
one  method  is  never  improved  by  using  another  metluKl  and  it  is  next  to  im¬ 
possible  to  calculate  the  re})roducibility  of  the  mixed  results  of  two  methods. 

We  thus  abandoned  clinical  methods  completely  and  developed  a  roentgeno- 
graphie  method.  It  is  realized  that  on  bite-wing  roentgenograms  only  proximal 
caries  can  be  diagnosed.  This  is  a  serious  limitation  but  we  reasoned  that  for 
an  exact  diagnosis  of  caries  incipiens,  in  our  kind  of  work,  proximal  caries  is 
the  most  important.  Compared  with  clinical  results,  the  gain  is  greater  than 
the  loss  because  (1)  proximal  caries  is  often  overlooked  clinically,  (2)  the  num¬ 
ber  of  cavities  on  smooth  surfaces  is  generally  ttm  small  to  arrive  at  significant 
results,  and  (3)  with  clinical  methods  as  they  are,  the  diagnosis  of  occlusid 
cavities  is  liable  to  a  shift  of  standard  which  results  in  a  poor  reproducibility. 

Hoentgenographic  Method. — 

Principle:  A  du])licate  series  of  bite-wing  roentgenograms  is  taken  from 
the  left  and  right  premolar  region  with  an  apparatus  which  fixes  the  film  in  the 
mouth  in  a  standard  position  with  regard  to  the  teeth  and  to  the  n>entgen  tul)e. 
The  method  has  the  advantage  of  nasonable  rei)roducibility,  w’ithout  shift  of 
standard,  as  previous  photographs  can  be  consulted.  Large  groups  of  patients 
can  be  studied  in  a  short  time.  In  its  present  form  it  has  the  disadvantage  that 
only  premolars  and  first  and  st'cond  molai's  can  be  studied;  it  might  Ik*  extended, 
however,  to  anterior  teeth. 

MATRRIADS  AND  MKTHOUS 

A.  X-rag  Tube  and  Fihn.'i. — 

A  Philips  Practix  type  No.  11315-83  was  used  thnmghout  the  work  (55  kv., 
3  Ma.).  Kodak  I).F.3!)  dental  films  I  by  in.  were  u.scd,  l)eing  the  only  films 
of  the  recpiired  dimensions  obtainable  at  that  time  in  Holland.  (In  later  studies 


B.  Apparatus  for  Fitting  Films  in  the  Month. — 

To  obtain  reproducible  i)hoto<iraphs  from  the  same  patient,  the  film  should 
always  be  at  the  same  distance  and  inclination  with  rejjard  tu  the  tube  and  to 
the  teeth  of  each  patient.  To  assure  this  an  apparatus  was  constructed  (Fig.  1) 
consisting  of  a  solid  metal  ring  ground  to  fit  on  the  cone  of  the  x-ray  tube  and 
carrying  on  a  rigid  wire  a  perforated  metal  plate  to  which  the  film  could  be 
fastened.  The  plate  acted  as  the  wing  of  a  bite-wing  film  and  fixed  the  film  in 
a  vertical  jm.sition  behind  the  teeth.  The  apparatus  is  rigid  and  prevents  plying 
of  the  film.  One  and  one-half  by  one  inch  films  should  be  used.  The  usual  2i/^ 
by  2  in.  films  used  in  a  correspondingly  larger  apparatus  could  be  used  for 
adults  but  were  found  to  hurt  children. 

To  ascertain  a  reproducible  position  of  the  film  in  each  mouth  as  far  as 
possible,  two  knobs  were  made  on  both  sides  of  the  wing  plate.  One  of  these  was 
fixed  between  the  maxillary  canine  and  first  premolar;  the  other  w’as  then  placed 
against  the  buccal  surface  of  the  second  molar.  A  second  set  of  smaller  knobs 
acted  as  sights  to  recognize  eventual  erroi-s  in  inclination  which  occurred  from 
time  to  time,  if  the  mouth  was  not  well  closed  over  the  apparatus.  To  inter¬ 
change  the  wingplates  they  w^ere  fitted  with  a  solid  bayonnet-catch  to  the  carrier. 
The  described  apparatus  was  a  modification  of  the  one  used  by  van  den  Berg 
(1944). 

C.  Patients. — 

With  the  described  apparatus'  a  series  of  roentgenograms  of  the  left  and 
right  premolar  and  molar  region  was  taken  in  266  boys  living  in  two  boarding 
schools.  Their  ages  ranged  from  11  to  15  years,  mean  13.1  ±  1  year.  Duplicate 
roentgenograms  w^ere  taken  within  a  fortnight  after  the  first  series. 
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we  used  Kodak  1).F.55.)  Expasure  times :  6  seconds.  Threaded  by  two  corners 
on  two  thin  jiieces  of  wire,  with  beads  between  them  to  i)revent  contact,  the 
films  were  developed,  eighty  at  a  time,  in  a  1  L.  Kodak  developer.  The  tempera¬ 
ture  of  the  developer  and  the  time  of  development  were  kept  rigidly  constant. 


j.  n.  Res. 
June,  1951 


-Apparatu.s  for  a  reproducible  fitting  of  films  in  the  mouth  (modification  of  an  apparatus 
described  by  van  den  Herg). 
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I).  Methods  of  Caries  Evaluation  on  Exposed  Films. — 

Examples  of  sets  of  duplicate  films  are  shown  in  Fig.  2.  Films  were  viewed 
against  an  illuminated  milk  glass  background  through  a  fixed  lens.  Surfaces 


B. 

Fig.  2,  A  and  B, — Duplicate  sets  of  left  and  right  radiographs  of  two  patients  as  examples  of 

mean  results. 
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which  showed  serious  overlapping  were  excluded.  Surfaces  were  classed  in 
several  groups: 

=  Sound 

.?  =  Dubiously  sound 

1?  =  Dubiously  carious 

I  =  Distinct  enamel  caries 

II  ==  Slight  dentin  caries 

III  =  Deep  dentin  caries 

IV  =  Caries  with  pulp  involvement 

P  =  Filled 

°  =  Sound  with  slight  overlapping 

X  =  Extracted 

0  =  Serious  overlapping  or  not  present  on  photograph 

-  =  Not  erupted 

All  roentgenograms  were  studied  by  two  of  us  (D.  B.  1).  and  d.v.  A.)  and 
the  results  carefully  recorded  on  separate  charts  (a  specimen  is  shown  in  Fig.  3). 
The  charts  were  then  compared  and  surfaces  about  whieh  opinion  had  differed 
were  checked  on  the  roentgenograms  by  both  dentists  jointly.*  The  final  result 
was  charted  again.  This  chart  of  the  first  series  of  radiographs  was  called  I  AC. 
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Klg.  3. — Chart  for  recorclinK  roentgenographlc  iliagnosis  (for  explanation  see  text). 

The  duplicate  series  of  radiograjihs  was  studied  in  the  same  way.  The 
chart  containing  the  combined  results  of  this  series  will  be  called  I  BC. 

R^:SULTS 

A.  Heprodmihility  of  Hoentyenograms. — 

To  evaluate  an  increase  in  the  number  of  carious  lesions  it  is  of  course 
neces.sary  that  the  roentgenograms  taken  liefore  and  after  the  exiierimental 

•A  calculation  of  stanilanl  errors  from  individual  charts  of  each  series  of  photographs 
showed  that  the  results  obtaine<l  by  one  dentist  on  two  series  of  photographs  or  by  two  dentists 
on  one  series  of  photographs  were  materially  inferior  to  the  method  as  described  here. 
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period  are  reproducible  with  rejjard  to  projection,  overlappin};  of  surfaces,  and 
so  on.  If  not,  a  sliffht  difference  in  the  an^le  of  projection  wdll  reveal  lesions 
which  were  invisible  before,  or  the  reverse  may  be  true.  The  aim  of  the  described 
method  was  to  obtain  indent ical  roentgenograms  from  the  .same  patient  at  differ¬ 
ent  times.  The  reproducibility  of  our  roentgenograms  was  estimated  in  various 
ways. 

(1)  In  each  series  of  532  roentgenograms  (I  AC  and  I  BC)  the  number  of 
surfaces,  which  were  well  de{)icted  and  showed  no  overlapping,  were  counted. 
We  will  refer  to  these  surfaces  as  “pre.sent.”  Seriously  overlapi)ed  surfaces 
will  be  considered  “absent.”  Fig.  4  show's  the  frequency  distribution  of  the 
di.stal  and  mesial  surfaces  of  the  four  elements  which  generally  show'  on  the 
roentgenograms.  It  is  evident  that  the  numl)er  of  “present”  surfaces  in  each 
class  is  nearly  the  same  on  both  series  of  radiographs. 

(2)  Each  surface  which  was  well  represented  on  both  radiographs  will  be 
called  a  “common”  surface.  The  common  surfaces  on  the  duplicate  serie.s  of 
roentgenograms  were  counted.  The  frequency  distribution  of  these  “common” 
surfaces  is  also  shown  in  Fig.  4.  It  is  seen  that  the  number  of  common  surfaces 
in  each  class  is  nearly  the  same  as  the  total  number  present  on  each  series  of 
radiographs.  This  means  that  surfaces  which  were  well  depicted  and  not  over¬ 
lapped  on  one  radiograph  and  which  were  not  equally  well  repre.sented  on  the 
duplicate  are  relatively  rare.  The  follow'ing  quadrangle  shows  the  total  numbers 
of  pre.sent  and  absent  surfaces  on  both  series  of  roentgenograms. 


I  BC 

Present 

Absent 

Total 

I  AC  ~~ — 

Present 

fi,038 

412 

6,450 

Absent 

,334 

1,728 

2,062 

Total 

6,372 

2,140 

8,512 

The  theoretically  possible  total  is  16  surfaces  on  each  x-ray  reprixluction  or 
532  X  16  =  8,512.  On  series  I  AC  6,450  surfaces  were  present ;  6,372  on  series 
I  BC.  “Common”  surfaces  there  were  6,038,  while  746  surfaces  (412  +  334) 
were  not  equally  present  on  both  roentgenograms.  For  7,766  (6,038  +  1,728) 
.surfaces  both  series  of  radiographs  give  the  same  result.  Reprwlucibility  is 
7,766  out  of  8,512,  or  91.5  per  cent.  The  association  coefficient  (Yule)  in  the 
quadrangle  is  0.97.  The  correlation  coefficient  is  0.80. 

The  large.st  part  of  the  736  differences  refers  to  the  mesial  surfaces,  of  Pi 
and  the  distal  .surface  of  M2  as  is  easily  seen  from  Fig.  4.  These  surfaces  are  at 
both  ends  of  the  roentgenograms  and  are  frequently  only  partially  present. 
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Present 

5,344 
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898 

Total 

5,451 

933 

6,384 
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Omitting  these  surfaees  and  only  eonsidering  the  distal  surface  of  the  first 
premolar,  Indh  surfaees  of  second  premolar  and  first  molar  and  the  mesial  sur¬ 
face  of  the  second  molar  (P,d,  T*2m,  I*2d,  M,m,  M,d,  and  Mjm)  we  get  the  follow¬ 
ing  quadrangle. 

Xot  e<jually  present  on  lK>th  rmliographs  are  '2V.)  surfaces  (142  *  107).  For 
6.133  (3,344  *  701)  surfaces  both  x-ray  films  give  the  same  result.  Reproduci¬ 
bility  is  6,133  out  of  6,384,  or  06  per  cent.  The  as.sriciation  coefficient  (Yule) 
is  0.003.  The  correlation  c(K*fficient  is  0.842. 

(3)  The  differences  between  the  total  numl>er  of  surfaces  on  each  series 
of  roentgenograms  and  the  numls'r  of  “common”  surfaces  is  a  mea.sure  for 
repnxlucibility.  With  ideally  reproducible  radiographs  the  number  of  differ¬ 
ences  would  be  zero  and  the  number  of  common  surfaces  would  be  equal  to  the 
total  number  of  surfaces  f)resent  on  each  series  of  radiographs.  The  standard 
error  of  the  mean  numl>er  of  present  surfaces  (common  surfaees)  in  each  cla.ss 
(Pim,  P,d,  Pom,  P2d,  etc.)  was  calculated  and  is  tabulated  in  Table  I. 

It  is  evident  from  Table  I  that  am  is  smallest,  i.e.  reprcxlucibility  is  best  for 
both  surfaces  of  M,  and  Pj  and  for  Pjd,  not  as  gmal  for  M^m,  and  worse  still 
for  P,m  and  Mod.  For  the  middle  six  surfaces  on  each  roentgenogram  am  varies 
about  1  per  cent.  For  the  total  numl)er  of  upper  or  lower  surfaces  am  is  about 

O. 3  per  cent.  Omitting  P^m  and  M,d  (T„)  the  standard  error  varies  about  0.4 
per  cent  in  each  (piadrant  and  about  0.3  for  all  quadrants  together.  Further¬ 
more,  reproducibility  is  significantly  better  in  the  mandible  than  in  the  maxilla, 
which  was  exi)ected  since  the  position  of  the  upper  teeth  increases  the  chance  of 
overlapping  of  surfaees  on  the  roentgenograms  even  with  ver\'  slight  differences 
in  projection.  Reproducibility  is  significantly  though  slightly  better  on  the 
left  side  than  on  the  right.  The  simplest  explanation  seemed  to  be  some  system¬ 
atic  deviation  in  our  api)aratus  but  this  could  not  W  found. 

Coiuhuiion: 

Roentgenograms  taken  with  the  described  method  gave  reproducible  results 
with  regard  to  projection  and  overlapping.  The  surfaces  M^m.  Mjd.  Mjm.  P2d. 

P. m,  and  P^d  are  equally  visible  on  duplicate  photographs  in  96  of  100  cases. 

B.  Reproducibility  of  Caries  Estimation. — 

(1)  EqmUty  of  Caries  Numbers:  The  final  numbt'r  of  cavities  of  all  kinds 
on  each  series  of  roentgenograms  was  nearly  etiual. 

.SERIES  srKE.VVES  C-VRUH  S  PER  VEXT 

I  AC  0.450  40.2 

I  BC  0.372  2.502  39.2 

The  number  of  lesions  of  all  kinds  was  caleulateil  separately  for  each  tyj>e  of 
surface  for  both  series  of  iwntgenograms  ^series  I  AC  and  I  BC).  The  i^>er- 
eentage  of  caries  in  each  class  is  shown  in  Fig.  3.  It  is  easy  to  see  that  in  general 
the  number  of  carious  surfaces  in  each  class  is  equal  on  both  series.  This  of 
course  does  not  mean  very  much  as  these  caries  numlH'rs  do  not  even  refer  to 
the  same  numlHU-  of  surfaees.  Taking  only  surfaees  into  amount  which  are 
equally  visible  on  both  series  of  iiH'utgenograms  (common  surfaees)  we  get: 

SIUtlES  COMMON  SCKK.VCES  C.VKIOCS  PER  CENT 

I  AC  2,520  40.9 

I  BO  0,03S  2,470  41.7 
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Tabu 

RKPKOOi  riBlI.ITY  OK  RoKNTCRN'OOKAMS  EXPRESSED  AS 


RIGHT 

1  “■ 

D 

M, 

M 

1 

M 

D 

Pj 

M 

1  D 

P, 

M 

T, 

I  T, 

Superior 

Common 

surfaces 

98 

171 

245 

248 

219 

219 

232 

145 

1,334 

1,577 

2,660 

Standard 

error 

4.9 

2.9 

*2.8 

2.9 

3.0 

3.0 

3.1 

5.8 

17.0 

10.3 

9.1 

St.  error 

in  % 

5.0 

1.7 

1.1 

1.2 

1.4 

1.4 

1.3 

4.0 

0.52 

0.65 

0.34 

Inferior 

St.  error 

in  % 

12.8 

1.5 

0.5 

0.9 

1.0 

1.0 

0.9 

10.0 

0.41 

0.6 

0.26 

Standard 

error 

5.9 

3.2 

1.2 

o  o 

2.0 

2.0 

2.0 

5.3 

5.4 

9.5 

7.0 

('ommon 

surfaces 

4t> 

20(> 

243 

239 

2315 

204 

23fi 

54 

1,3.32 

1,4.32 

2,684 

Tt,  Total  surfaces  in  each  quadrant. 

To.  Total  surfaces  in  each  quadrant  excluding  Mul  and  Pim. 
Ti4,  Total  surfaces  for  right  and  left. 


Kig.  5. — I*er  cent  of  proximal  caries  in  each  type  of  surface  as  evaluated  on  duplicate  series 

of  radiographs. 


The  mean  nuinlier  of  carious  lesions  is  2,495.  The  distribution  of  carious  lesions 
in  common  surfaces  over  each  type  of  surface  is  very  much  like  that  in  Fig.  5, 
the  curves  for  1  AC  and  I  BC  resembling  each  other  still  better.  Series  I  AC 
and  I  BC  seem  in  good  agreement. 

(2)  The  Number  of  Errors:  We  really  want  to  know,  however,  whether 
all  surfaces  diagnosed  as  carious  in  series  I  AC  are  equally  interpreted  on  the 
duplicate- radiograph.s.  In  other  words,  what  is  the  number  of  errors? 

To  obtain  this,  charts  T  AC  and  I  B(J  were  compared  and  for  each  indi¬ 
vidual  surface  it  was  noted  whether  the  diagnosis  was  equal  on  Imth  charts  or 
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I 

^axdaro  Error  or  thk  Ni’Mhkr  or  I’rksent  St  RrAOEs 


!  j 

Pa  T,, 

l,Err 

1  T, 

T. 

1  ^ 

p. 

D 

1  M 

Pi 

n 

1  ^ 
I  At 

1 

D 

1  M 

M, 

D 

l.fi.lX  .l.UI 

1,567 

1,.326 

149 

238 

218 

208 

251 

240 

171 

92 

19.0  14.3 

9.8 

,5.7 

6.3 

1.6 

1.4 

2.5 

2.1 

.3.0 

3.0 

5.2 

0.3  0.45 

0.6 

0.43 

4.0 

0.65 

0.65 

1.2 

0.8 

1.2 

1.7 

5.fi 

0.45 

0.6 

0.34 

8.0 

1.0 

0.8 

0.5 

0.7 

0.4 

1.3 

11.4 

1.3.0 

9.1 

4.6 

5.4 

2.4 

1.7 

1.0 

1.7 

1.7 

2.7 

1.7 

2,894 

1,462 

1,.352 

69 

238 

205 

210 

Cl 

249 

207 

4.1 

Tij, 

I<leni.  excIutlinK  Mid  and  Pim. 

T«. 

Total  for  auperlor  and 

inferior. 

differed 

in  .some  way 

.  A  plus  sign 

was  given  to  errors  by 

which 

caries 

seemed 

to  increase  from  I  ACJ  to  I  B(’  and  a  minus  sijfn  for  the  reverse  ease.  Table  II 
explains  the  procedure  and  shows  all  “errors”  made.  It  is  seen  that  slight 
errors  of  one  to  two  degrees  are  often  made  and  that  serious  errors  are  less 
frequent.  The  total  number  of  1,182  differences  on  6,038  surfaces  (common 
surfaces  of  course)  seems  very  high.  However,  many  errors  are  irrelevant  for 
the  purpose  of  caries  evaluation,  as  it  Is  not  ver\*  important  whether  a  lesion 
is  diagnosed  as  II  (intermediate)  or  IV  (deep  caries  of  dentin)  as  long  as  in 
both  ca.ses  the  surface  is  diagnosed  as  carious.  Arbitrarily  we  considered  sound 
(.)  and  dubiously  sound  (.?)  surfaces  as  caries. free  and  I?,  I,  II,  III,  and  IV 
a.s  carioiw.  This  limit  is  shown  by  the  heavy  line  in  Table  II.  Considering  all 
errors  not  surpassing  this  limit  (see  arrows)  as  irrelevant  for  our  present 
purpose,  the  number  of  relevant  errors  is  reducefl  to  636  (taking  the  limit  be¬ 
tween  I?  and  I  does  not  seriously  influence  the  result). 


Table  II 

Classification  of  Errors  Accormxg  to  Severity 


DlrFF-REXCE  OF 
-  and  -  ERRORS 

48 

4 

-17 

-13 

-25 

_  o 

-50 
-  9 


DIAGNOSIS 

SIGN  or  ERRORS  ' 

.  1  .f  1  If  1  I  IMV 

+ 

14 


I  .T  I  It  I  T 


srsf  or  -I-  Axo 
-  ERRORS 


129 

81 

210 

98 

94 

192 

141 

158 

299 

0 

3 

18 

31 

49 

33 

58 

91 

O 

O 

293 

343 

Subtotal  6.36 

95 

104 

199 

1 

1 

•> 

80 

55 

135 

1  59S‘ 

584 

,  Total  1,182 

The  heavy  vertical  line  intlicates  uur  limit  bt^tween  cariuu:*  an<i  sounii.  The  arrows 
InUicate  the  klnU  (severity )  of  the  error  maiie  with  a  +  alien  if  cariea  seema  to  increaae  from 
the  first  to  the  aeconil  railioicraph  anil  a  -  alRn  for  the  reverse.  • 

lAnly  ern)r8  croaainK  the  heavy  line  infiuemv  the  result. 
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Again  the  636  errors  are  sometimes  made  in  one  direction,  sometimes  in 
the  reverse  direction,  tliat  is,  they  compensate  each  other.  Taking  tlie  plus  or 
minus  sign  into  account,  the  final  number  of  crmiN  which  is  not  compensated 
and  which  influences  our  mean  carious  niuuher  is  only  50. 

Arranging  the  obtained  numbers  in  a  correlation  (piadrangle  we  obtain 


I  AC 

Carious 

Soun<l 

Total 

I  BC 

Carious 

L>,177 

2o;: 

2,470 

Sound 

:u:'. 

:j.225 

.1,5(58 

Total 

2,520 

.1,518 

(5,0.18 

with  an  association  coefficient  of  0.97  and  a  correlation  coefficient  of  0.783.  In 
2,177  cases  the  diagnosis  of  caries  was  made  on  both  radiographs;  in  3,225  cases 
the  surface  was  considered  sound  on  both  roentgenograms.  So  in  5,402  surfaces 
(3,225  +  2,177)  the  diagnosis  was  not  in  doubt.  There  were,  however,  636  (293 
343)  doubtful  cases  which  were  diagnosed  differently  on  duplicate  radiographs. 
These  636  doubtful  cases  represent  indeed  the  range  in  which  errors  are  possible. 
These  doubtful  cases  will  be  divided  between  the  carious  or  the  sound  group, 
according  to  the  laws  of  probability.  Probability  is  strongly  against  all  636 
doubtful  surfaces  being  classed  in  either  the  sound  or  the  carious  group.  Indeed 
343  surfaces  were  considered  carious  in  series  I  AC  and  sound  in  series  I  BC, 
whereas  for  293  surfaces  the  reverse  happened.  The  final  number  of  carious 
surfaces  in  series  I  AC  and  I  BC  thus  differs  only  by  2,520  -  2,470  =  50  (= 

343  -293). 

(3)  The  Standard  Error  of  the  Observed  Number  of  Carious  Lesions:  The 
636  errors  are  a  measure  for  the  uncertainty  of  the  results.  To  calculate  the 
standard  error  of  the  mean  number  of  carious  surfaces  (2,495)  we  used  the 
following  procedure. 

Table 


Caries  Incidence  and 


KKillT 

I  M* 

1  D 

M 

1  ! 
1  I)  M  1 

P 

1  D 

M 

1 

1  a 

M 

1  T, 

T, 

Common  surfaces 

08 

171 

245  248 

219 

219 

212 

145 

1,.1.14 

1,577 

2,660 

=  N 

Carious  surfaces 

1.5 

.15.5 

70.5  171 

128 

101 

109 

11 

015 

029 

1,205 

=  8  +  Vitq  +  r) 

%  caries 

1.5 

21 

29  69 

59 

46 

47 

9 

46 

40 

45 

ffm  VMsfq  +  r) 

0.7 

1.5 

1.4  4 

4.1 

1.5 

1.9 

1.4 

9.2 

9.1 

12.7 

in  % 

0.7 

2£ 

1.4  1.6 

1.8 

1.6 

1.7 

1 

0.7 

0.6 

0.5 

in  % 

a.g 

1.7 

1.5  1.5 

2 

1.6 

1.4 

1.9 

0.7 

0.6 

0.4 

Om  VViCq  +  r) 

1 

1.5 

1.0  1.5 

4.1 

1.1 

1.2 

1 

8.7 

8.8 

12 

%  caries 

11 

37 

.19  ,59 

57 

,33 

29 

3.7 

46 

43 

46 

Carious  surfaces 

5 

75 

141  140 

no 

07 

08 

o 

010 

017 

1,227 

=  8  +  .^e(q  +  r) 

('onimon  surfaces 

40 

200 

241  219 

204 

204 

2.10 

54 

1,.112 

1,4.12 

2,684 

=  N 


•See  footnotes  to  Table  I. 
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n  =  Total  mimher  of  obsened  surfaces  (observation  pairs), 
p  =  Number  of  surfaces,  diagnosed  as  sound  or  0,0. 
q  =  Number  of  surfaces  sound  on  I  AC  and  carious  on  I  BC  or  0,1. 
r  =  Numl)er  of  surfaces  carious  on  I  AC  and  sound  on  I  BC  or  1,0. 
s  =  Number  of  surfaces  dia^osed  as  carious  Imtb  times  or  1,1. 

For  an  oKservation  pair: 

0,0  The  mean  is  0,  and  the  standard  deviation  =  0 
0,1  The  mean  is  ) 

1,0  The  mean  is  Vg  J  standard  deviation  = 

"Vo/s  -  0)- +  - 

2-1 

1,1  The  mean  is  1,  and  the  standard  deviation  =  0 
We  have  then  n  pairs,  viz.  p  with  a  mean  =  0,  ((j  +  r)  with  a  mean  =  ^  g,  and 
s  with  a  mean  =  1.  The  mean  caries  incidence  in  the  n  pairs  of  observations 
(as  a  fraction  of  unity)  is  then 

s  +  ^  (q  r) 
n 

Afrain  we  have  n  pairs:  (p  f  s)  with  a  standard  deviation  =  0  and  (q  *  r)  with 
a  standard  deviation  =  y/V^z-  The  total  standard  deviation  is  thus: 

„  _  y(.,  +  r)  (VI4)V  V 

n  -  1  (n  -  1)  n.  (n-1) 

Proccediu};  from  the  mean  caries  incidence  as  a  fraction  of  unitv  to  the  mean 
number  of  cavities  s  +  V2  (o  +  r)> 

n.  aji  =  =  Vy2  (q  +  r) 

iJm  was  calculated  for  each  class  of  surfaces  and  the  results  tabulated  in  Table 
111  and  represented  in  Fi}j.  6. 

Ill* 

STAxiiAKt)  Deviations  (»„) 

1  I  EEbT 


P,  I  P,  I  M,  I  M. 
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92 
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1.35 
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83 
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- 

il 

39.2 
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45 

.9 

43 

45 

53 

67 

35 

17 

0 

IH 

13 

i) 

S.S 

1.9 

3.0 

3.8 

3.7 

4.3 

3.5 

2.7 

0 

0.S 

0.4 

0.6 

0.7 

1.3 

1.5 

1.7 

1.8 

1.7 

1.4 

1.4 

0 

0.4 

0.6 

0.6 

1.7 

l.t 

1.7 

1.7 

1.4 

1.2 

1.9 

3.9 

12.3 

S.4 

S.2 

1.2 

2.7 

3.4 

3.5 

3.5 

3 

4 

1.0 

42.8 

42.6 

46 

2 

21 

28 

.'>6' 

64 

61 

40 

11 

1,240 

023 

017 

1.5 

51 
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150 
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83 

4.5 

2,S04 
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1,352 

09 
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It  is  seen  tliat  the  stamlard  error  for  each  class  of  surface  varies  between 
,r,„  =1-2  |>er  cent.  For  each  <iua(lrant  is  O.H  per  cent  atul  for  the  total 
material  0.3  per  cent.  With  an  e<pial  number  of  children  (2HH)  an  increase  in 
caries  of  4  to  6  per  cent  would  l)e  si>rnificant  for  each  ty])e  of  surface  separately. 
Taking  the  whole  material  together  an  increase  of  1  per  cent  would  have 
signiticance. 


Kig.  6. — Per  cent  of  proximal  caries  in  each  type  of  surface  as  calculated  from  both 
series  of  radiographs.  The  .small  vertical  lines  give  one  time  the  .standard  deviation  (om) 
above  and  below  observed  caries  percentage. 


It  is  of  course  not  known  yet  whether  rei>roducihility  of  roentgenograms 
after  an  interval  of  one  or  two  years  will  he  as  good.*  A  series  of  experiments 
with  two  groups  of  200  children  has  been  started  w’ith  this  method.  We  wnll 
reitort  on  the  results  in  due  time. 


SUMMARY 

A  roentgenologic  method  for  scientific  caries  surveys  in  large  groups  of 
jiatients  is  descril>ed,  with  which  a  reliable  evaluation  of  iiroximal  enamel  caries 
of  molars  and  liremolaix  is  possible.  The  roentgenograms  give  reproducible  re¬ 
sults  with  regard  to  projection  and  overlapping  in  90  out  of  100  cases. 

In  200  children  (1,004  r(X‘ntgenograms)  the  numlK*r  of  carious  proximal 
surfaces  for  each  type  of  surface*^separately  couUl  be  determined  with  a  standard 

•(.N'otc  added  by  autliorH  April  9,  1951.)  .After  a.  |)eriod  of  one  and  one-half  years  the 
reproducibility  of  roentgenograms  was  eiiually  good.  Taking  all  surfaces  into  account  91.6 
l>er  cent  and  for  the  middle  six  surfa<-es  on  each  radiograph  97  per  cent  reproducibility  was 
obtained.  Thus  reproducibility  is  not  s«!riously  affected  by  growth. 
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error  — =  I  to  2  per  cent.  Kor  ail  surfaces  taken  tojfcther  rr„  was  only  0.3 

per  cent. 

Tlie  iintliorn  are  imlelifrd  fn  Prof.  II.  Freii(|«>ntli»l  for  valiiaMe  adviee  in  the  ralenlation 
of  .“(tanrlarfl  erntro.  The  help  of  Miss  II.  de  Oroot  an*!  .Miss  K.  Felix  in  ehartin^;  and  ealeola- 
rion  is  trratefiilly  aeknowledjjed. 


RKfT':RK.NC'K.S 

1.  .Arnett,  .1.  H.,  and  Knnis,  L.  M.:  Oentnl  Infeetion  and  Hystemie  Itisea.se,  .-fm.  J.  M.  Hr. 

185:  777,  Itt.TS. 

2.  .Arnold,  F.  A.,  Dean,  H.  T.,  and  Hin^leton,  D.  K.:  The  Kffeet  on  Caries  fneidenee  of  a 

Hinxie  Topieal  Applieatirin  of  a  Fluoride  Holiition  to  the  Teeth  of  Vfnng  .Adnit  Males 
of  a  Military  Population,  ./.  IK  AVs.  23:  155,  Ih44. 

P.urket,  L.  V\'. :  The  Aeeuraey  of  (linieal  and  Roenff(enolo((ie  Diaticnosis  of  ftental  Caries 
as  Determined  liy  Mierosr-opie  Mtudies,  J.  IK  Rex.  20:  70,  1041. 

4.  DeatheraKe,  C,.  F.,  Wilson,  L.  A.,  and  l^erlgerwrasl,  B. :  Variahility  of  Routine  IHajipnosis 
of  Dental  Defects  in  Children  of  Hr-hrad  A(te,  J.  A.  D.  A.  26:  17.'i9,  Ift.'iO. 

.7.  Radiiwh,  D.  K. :  Variahility  of  Diagnosis  of  Incidence  of  Itental  Caries,  J.  A.  IK  A.  28: 
1050,  1041. 

ti.  Harljimarkos,  1).  M.,  and  Htorvick,  C.  A.:  The  Incidence  of  Itental  Caries  .Amons;  Fresh¬ 
man  Htudents  of  Oretjon  State  College,  ./.  P.  Rex.  27:  200,  104m. 

7.  Sojfnnaes,  R.  F. :  The  Importance  of  a  Detailed  Clinical  Examination  of  Cariou.s  Lesions, 
./.  IK  UtH.  19:  II,  1040. 

van  den  Der>{,  K.  .1.:  Caries-thera|Me,  Haarlem,  Netherlands,  1044,  de  Erven  F\  Bohn, 
p.  27. 


THE  EFFECT  OF  THE  TOPICAL  APPLICATION  OF  SODIUM 
FLUORIDE  ON  THE  CALCIUM  FLUORIDE  CONTENT  OF 
VITAL  TEETH 

A.  B.  HOKl),  R.Sc.  (DENT.),  D.D.S.,  AND  R.  G.  ELLIS,  M.Sc.  0>LNT.),  D.D.H. 
Vnivemity  of  Toronto,  Faculty  of  Dentistry,  Toronto,  Canada 

THE  APPIJCATIOX  OF  SODIUM  FLUORIDE 

Three  dogs,  eaeh  aged  5  months,  were  selected  for  this  study.  During  treat¬ 
ment  the  animals  were  anesthetized  with  Pentothal  sodium  injected  intrave¬ 
nously  (35  mg.  per  kilogram  of  weight).  The  iiosterior  teeth  were  then  cleansed 
with  a  mixture  of  flour  of  pumice  and  water,  using  rubber  cups  and  brushes. 
The  purpose  of  this  procedure  was  to  remove  any  debris  on  the  surface,  along 
with  any  film  which  might  be  present.  No  particular  attempt  was  made  to  obtain 
a  high  polish  of  the  enamel  surface.  The  upper  and  lower  teeth  of  the  right 
side  of  the  mouth  were  painted  with  a  sodium  fluoride  solution  in  distilled  water 
(2  Gm.  of  NaF  in  100  c.c.  HgO).  The  solution  was  allowed  to  remain  on  the 
teeth  for  a  period  of  ten  minutes.  The  application  of  the  sodium  fluoride  was 
repeated  once  a  week  for  eight  weeks.  A  fresh  solution  was  prepared  for  each 
application.  The  surface  exposed  in  each  case  was  probably  the  enamel  cuticle 
since  these  dogs  were  of  a  young  age.  The  upper  and  lower  teeth  of  the  left 
side  were  left  untreated  to  serve  as  controls. 

At  the  end  of  eight  weeks  the  animals  w'ere  sacrificed  and  the  teeth  removed 
from  the  jaws.  At  no  time  were  the  teeth  permitted  to  dry.  They  were  stored 
in  10  per  cent  Formalin.  It  has  been  mentioned  that  the  soaking  of  teeth  in 
Formalin  may  possibly  remove  some  surface  fluoride.  No  measure  of  loss  of 
fluoride  was  recorded. 

METHODS  OF  ANALYSIS^ 

The  separation  of  enamel  from  the  dentin  in  human  teeth  is  possible,  using 
the  ^lanly  and  Hodge  flotation  method,  but  because  the  enamel  layer  is  so  thin 
in  the  teeth  of  dogs  it  was  decided  to  make  a  composite  analysis,  using  the  enamel 
and  only  the  dentin  necessary  to  hold  the  enamel  rods  together.  The  coronal 
portion  of  the  tooth  was  ground  in  a  highly  glazed  mortar  and  pestle.  When  the 
sample  was  completely  pulverized  the  organic  material  was  removed  by  covering 
the  granules  with  a  weak  Ua(DH)2  susiiension.  The  powder  was  then  ashed  in 
a  porcelain  crucible  which,  because  of  continued  subjection  to  the  radiant  heater, 
was  believed  to  contribute  little  if  any  fluoride  to  the  ash.  The  calcium  hydroxide 
used  is  believed  to  l>e  fluorine  free.  It  was  felt  that  any  relatively  small  amount 
that  might  possibly  be  in  the  solution  would  be  automatically  negligible,  since 
both  experimental  and  control  samiiles  w’crc  treated  with  the  same  stock  supply. 
The  ash  was  then  washed  and  thoroughly  dried,  then  completely  dis.solved  in 
perchloric  acid. 

Received  for  publication,  July  25,  1950.  Revised  by  authors,  April  13,  1951. 
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DISTIF.LATION* 

The  whole  solution  was  transferred  to  the  still.  Six  Pyrex  heads  were  added 
to  the  solution.  The  Agt.’lO^  solution  Mas  added  until  all  the  chloride  Mas  pre¬ 
cipitated.  The  temperature  of  the  solution  was  maintained  at  137°  F.  and  kept 
at  ±  2°  by  addin^r  water  from  the  droppin"  funnel.  The  distillate  M’as  collected. 
After  1  to  2  milliliters  of  the  distillate  had  been  collected,  2  drops  of  the  />-nitro- 
phenol  indicator  Mere  added.  The  volume  of  alkali  (0.05X  KOH),  added  by  the 
use  of  a  10  ml.  burette,  neces.sary  to  make  the  solution  neutral  Mas  recorded. 

TITRATION 

An  aliquot  of  the  distillate  Mas  placed  in  a  Nessler  tube  and  marked  *‘S’’ 
(sample)  0.05N  HCl  (4  ml.  for  the  100  ml.  tube  and  2  ml.  for  the  50  ml.  tube), 
and  1  ml.  of  the  hydroxylamine  hydrochloride  solution  Mas  added.  It  was  mixed 
apain.  Alizarin  indieator  was  added.  A  blank  tube  “B”  Mas  prepared  by  add¬ 
ing  the  proper  amount  of  IICT  and  hydroxylamine,  and  a  proper  amount  of 
0.05N  KCl  solution  representing  the  .sample  volume  of  0.05X  KOH  M’as  used  to 
neutralize  the  distillate.  The  aliquot  volume  of  the  sample  tube  represents  the 
total  volume  taken.  The  thorium  nitrate  solution  Mas  measured  into  the  tube 
“S”  until  the  end  point  Mas  reached. 

By  referring  to  the  curve,^  the  approximate  volume  of  standard  F  solution 
corresponding  to  the  foregoing  Th  solution  Mas  determined;  0.5  ml.  less  than 
this  volume  of  F  solution  was  added  to  “B,’’  as  Mas  added  to  tube  “S.’'  This 
was  diluted  to  mark  and  the  colours  of  “S”  and  “B”  compared.  Tube  “B” 
was  bleached  to  match.  To  tube  “S’  was  added  more  of  the  standard  F  solution 
in  increments  of  1  to  2  drops  until  a  match  occurred.  At  this  point  the  F 
content  of  the  tube  “S”  was  equal  to  the  quantity  added  to  the  tube  “B.” 
The  end  point  was  checked  by  adding  1  to  2  drops  in  excess  of  the  standard  F 
solution  to  the  tube  “B.  ”  A  distinct  overbleach  occurred.  The  total  quantity 
of  fluorine  distilled  Mas  calculated  from  the  (piantity  found  in  the  alhiuot  treated. 
The  net  figure  Mas  referred  to  the  weight  of  the  sample  taken. 

RESULTS 

The  results  are  given  in  Table  I. 


Tabi.e  I 


EXCEKIENCED 

TEETH 

.  .  . 

CONTROL  TEETH 

- -  . 

IE 

0.127  ‘7fF 

lU 

0.040 

VcF 

2E 

0.070 

2U 

0.028 

3E 

O.OOS 

30 

0.034 

4E 

0.087 

40 

0.020 

5E 

0.121 

50 

0.037 

i;e 

0.10.1 

r>o 

0.037 

7E 

0.001 

70 

0.031 

SE 

0.075 

80 

0.028 

t»E 

0.005 

oo 

0.032 

lOE 

0.101 

l(K' 

0.037 

HE 

0.008 

no 

0.034 

12E 

0.074 

120 

0.(H1 

Average 

0.095 

0.034 

%F 

f 
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SUMMARY 

The  followin«r  calculation  reveals  readily  that  the  increase  of  the  fluorine 
element  in  the  teeth  of  dojrs.  which  have  been  treated  topically  with  sodium 
fluoride,  is  to  a  great  degree  significant.  Therefore,  the  fluoride  content  of  the 

0.005  -  0.0.14  =  0.001 
=  1.794  X  100  =  179.4  % 

0.014 

enamel  and  adjacent  dentin  increases  179.4  per  cent  or  2.78  fold.  As  the  greater 
(piantity  of  fluorine  in  the  enamel  is  in  the  calcium  fluoride  state,  it  is  evident 
that  this  treatment  increases  the  calcium  fluoride  content  to  a  significant  degree. 
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ing,  Department  of  Food  Uhemistry,  University  of  Toronto;  Dr.  1).  B.  De  Lury  of  the  Depart¬ 
ment  of  Matliematies  and  Statisties,  Ontario  Keseareli  Foundation;  and  to  the  Banting 
Institute,  all  of  whom  assisted  and  eontrihutetl  freely  to  complete  this  project. 
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AI.KAI.INE  AND  AC  IDULATED  FLUORINE  SOLUTIONS  FOR 
REDUUINO  DEUALC  IFIUATION  OF  ENAMEL 

HUBKKT  B.  PALMKR,  D.D.H.,  HUHIK  OVPiRHTKEKT,  B.H.,  AND  MARILYN  SACKS,  B.S. 

Dfpnrtmmt  of  Dental  Keseareh,  Dental  Division,  Army  Medieal  Department  Research  and 
Graduate  School^  Army  Medieal  Center,  fCashinyton,  D.  C. 

PALMER,  Overstreet,  and  Sacks'-  '  have  shown  that  when  the  enamel  sur¬ 
faces  of  both  nondecalcified  teeth  and  enamel-dentin  fragments  were  treated 
with  an  acidulated  fluoride  solution  and  immersed  in  broth  seeded  with  Lacto- 
hacillua  ncidophilm  for  thirty  days,  decalcification  of  enamel  was  reduced  from 
31.69  to  39.37  per  cent.  In  a  previous  report*  it  has  been  shown  that  when  2 
per  cent  sodium  fluoride  solution  was  applied  to  both  previously  decalcified 
teeth  and  enamel-dentin  fragments,  it  was  as  effective  for  reducing  further 
decalcification  of  enamel  as  when  applied  either  to  nondecalcified  teeth  or  non¬ 
decalcified  enamel-dentin  fragments.  The  favorable  results  achieved  with 
decalcified  teeth  have  suggested  variation  in  technic  for  applying  the  solutions, 
with  greater  promise  for  reducing  the  susceptibility  of  enamel  to  decalcifi¬ 
cation 

Volker,*  Bibby,®  Muhler  and  Van  Huysen,®  Phillips,^  and  Muhler,  Boyd 
and  Van  Huysen®  have  shown  with  either  powdered  enamel  or  enamel  frag¬ 
ments  that  both  were  less  soluble  to  acids  following  their  treatment  with  a 
fluoride  solution.  Phillip.s'  has  shown  that  the  hardness  and  impermeability 
of  enamel  was  increased  following  exposure  to  a  fluoride  .solution.  Likins  and 
McUlure®  in  their  studies  of  powdered  enamel  treated  with  various  fluoride 
solutions  suggest  that  the  wa.shing  of  such  enamel  in  distilled  water  removed 
the  adsorbed  fluorides.  Scott,  Picard,  and  Wyckoff*®  have  reported  that  UaFo 
deposits  formed  upon  slabs  of  enamel  during  their  immersion  in  a  fluoride  solu¬ 
tion  can  be  removed  by  washing  in  distilled  water. 

The  purpose  of  this  investigation  has  been  to  determine  the  efficacy  of 
both  alkaline  and  acidulated  fluoride  solutions  for  reducing  decalcification* 
of  enamel. 

METHOD  OF  STUDY 

Sixty-one  noncarious  extracted  molar  teeth,  representing  fifty-two  adults, 
were  thoroughly  cleaned  w-ith  scalers,  rubber  cups,  and  pumice.  With  the  aid 
of  separating  disks  the  crown  of  each  tooth,  after  being  removed  from  the  root 
at  the  cemento-enamel  junction,  w-as  cut  into  four  similar  parts  known  as 
fragments  A,  B,  C,  and  D.  The  enamel-dentin  fragments  were  then  washed  for 
a  few-  .seconds  in  running  tap  w-ater  in  order  to  remove  any  tooth  dust  or  for¬ 
eign  particles  present.  The  244  fragments  were  then  dried  at  42°  C.  for  six 

Received  for  publlcHtiun,  Oct.  30,  1950. 

•Decalciflcatlon  of  dental  tisane  as  referred  to  In  this  reiH»rt  Is  based  noon  the  difference 
noted  between  the  orlRlnal  and  final  weight  of  the  enaniel-dentin  fragment  following  exposure 
to  L.  acidophilus. 
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hours,  after  which  they  were  individually  weijrhed  and  divided  into  nine 
frroups.  Groups  1.  2.  3,  4,  and  o  were  each  represented  by  six  A,  six  P>,  six  C, 
and  six  D  fragments  from  six  teeth.  Group  6  was  rei)resented  by  an  equal 
number  of  A.  P>.  C,  and  I)  fragments  from  seven  teeth.  Groups  7,  8,  and  9 
were  each  represente«l  by  eight  A.  eight  P>,  eight  (’.  and  eight  D  fragments 
from  eight  teeth.  The  A  fragmejits  in  each  of  the  nine  groups  served  as  con¬ 
trols.  none  being  treated.  The  cut  enamel  surfaces  and  exposed  dentin  sur¬ 
faces  of  fragments  P>.  G.  and  1)  for  each  grou])  were  first  covered  with  paraf¬ 
fin,  after  which  the  fragments  were  immersed  in  ethyl  alcohol  for  twenty  min¬ 
utes.  (Control  studies  following  the  alcohol  treatment  showed  no  growth.) 
With  the  aid  of  stainless  steel  wire  and  perforated  glass  containers,  each  of 
the  183  fragments  was  ])laced  in  an  individual  test  tube  and  immersed  under 
10  c.c.  of  a  72-hour  broth  culture  of  L.  ncuJophilus  oral  strain  12B.  (Frag¬ 
ments  A  did  not  receive  this  initial  exposure  to  fj.  acidophil  us.)  Incubation  at 
37°  C.  for  114  hours  followed,  (llydrogen-ion  determinations  of  n4-hour 
broth  cultures  were  between  4.18  and  4.19.  which  were  the  same  as  originally.) 
Following  the  incubatioji  period  the  decalcified  fragments  were  washed,  re¬ 
waxed  when  necessary,  and  ti-eated  with  a  test  solution.  Each  of  the  frag¬ 
ments  B.  C,  and  D  were  placed  in  individual  test  tubes  and  immersed  under 
5  c.c.  of  one  of  the  three  test  solutions  for  forty-two  hours  at  37°G.  Frag¬ 
ments  B  were  immersed  in  4  per  cent  sodijim  fluoride  solution  (pIT  8.92). 
Fragments  C  were  immersed  in  solution  T.*  while  fragments  D  were  immersed 
in  solution  X.t  Following  the  treatment  of  all  the  fragments  with  their  re¬ 
spective  test  solution,  the  paraffin  covering  on  each  fragment  Avas  removed. 
Then  all  of  the  244  fragments  were  placed  in  individual  test  tubes  containing 
10  c.c.  of  70  per  cent  ethyl  alcohol  for  twenty  minutes.  The  fragments  were 
then  placed  in  individual  tubes  and  immersed  under  10  c.c.  of  glucose-serum 
broth,  pH  7.0,  seeded  with  0.5  of  1  c.c.  of  a  48-hour  culture  of  L.  acidophilus 
oral  strain  12B.  Incubation  at  37°  C.  for  thirty  days  followed.  Fragments  were 
transferred  to  new  broth  seeded  with  L.  acidophilus  on  Tuesday,  Thxirsday,  and 
Saturday  of  each  week.  Following  the  thirty-day  incubation  period  all  the 
fragments  were  placed  in  70  j)er  cent  ethyl  alcohol  for  twenty  minutes,  washed, 
<lried  at  42°  C,  for  six  hours,  and  weighed. 

Three  clean,  noncarious.  extracted  molar  teeth.  re])resenting  three  adults, 
were  placed  in  individual  test  tubes  and  immersed  under  10  c.c.  of  freshly 
prepared  solution  T.|  The  teeth  were  kept  in  solution  at  37°  (’.  They  were 
transferred  to  fresh  solution  T  every  seven  days  for  four  weeks.  Hydrogen-ion 
determinations  were  made  from  sam]>le.s  of  the  7-day-old  solution  T  after  each 
transfer.  The  teeth  were  then  treate<l  with  alcohol  and  sub,jected  to  L.  acidoph¬ 
ilus  for  one  year  acc(»nling  to  the  technic  i)reviously  described.'  Every 

•Solution  T  (pH  3.66)  wan  ooniposoil  of  a  .solution  of  KlHcial  acetic  aci<I  saturated  with 
impure  sodium  fluoride.  Tliis  preparation  wa.s  1 8  months  old  at  the  time  it  was  used.  It 
ha/1  been  kept  in  a  stoppere«l,  wax-coateil  Pyrex  flask. 

(Solution  X  (pH  2.94)  was  comp<jseil  of  3fi0  c.c.  glacial  acetic  acid,  115  c.c.  4  per  cent 
HO<Jium  fluoride  wjiution.  and  80  c.c.  of  2  |s-r  cent  liydrofluoric  acid. 

tThe  freshly  prepare<i  solution  T  had  a  pH  of  2.70. 
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thirty  days  the  teeth  were  exaitiined  under  the  stere()seo[>ie  mieroseope  (y20.7) 
for  "ross  loss  of  erown  structure  resultiuR  from  ordinary  finder  i)ressure  of  a 
dental  ex|>lorer,  a  method  routinely  applied  in  clinical  examination. 

RKSITLTS 

As  seen  in  Table  I,  frajfments  A,  the  controls,  in  all  nine  jfroups  showed  the 
highest  percentage  mean  weijrht  loss.  Fragments  I»,  treated  with  4  per  cent 
sodium  fluoride  solution,  consistently  showed  in  six  of  the  nine  ftroups  the 
second  highest  per  cent  mean  weijrht  loss.  Fras^ments  (*,  treated  with  solution 
T,  in  six  ot  the  nine  groups  showed  less  weight  loss  than  did  fragments  li. 
Fragments  I),  treated  with  solution  X,  consistently  showed  in  all  nine  groups 
the  least  weight  loss. 

In  Table  II  are  shown  the  percentage  reductions  in  deealcification  of 
enamel  that  were  achieved  by  various  methods  of  treatment.  Fragments 
treated  with  the  4  per  cent  sodium  fluoride  solution  showed  a  47.68  per  cent 
reductiiui  itj  <lecalcification  of  enamel.  Those  treated  with  solution  T  and  with 
S4»lution  X  showed  a  reduction  in  decalcification  of  enamel  of  51.29  per  cent 
and  6r)..50  per  cent  respectively. 

The  three  whole  teeth,  following  their  treatment  with  solution  T,  had  been 
deeply  penetrated  by  the  green  stain  characteristic  of  solution  T.  The  crowns 
of  each  tooth  had  a  pearl-like  appearance  and  under  pressure  of  a  dental 
explorer  were  as  hard  as  stones.  The  teeth,  after  sixty  days  of  exposure  to 
L.  ncifiophilm,  began  to  lose  their  green-stained  appearance.  Observations  fol¬ 
lowing  six  months’  exposure  to  the  bacteria  revealed  that  the  teeth  were  los¬ 
ing  their  pearl-like  ap])earance.  Following  the  exposure  of  the  teeth  to  L. 
ncidophUus  for  one  year,  no  gross  changes  of  the  tooth  structure  were  observeil. 
The  crowns  of  the  teeth  were  still  as  hard  as  stones.  The  7-day-old  tubes  of  solu¬ 
tion  T  which  contained  the  teeth  during  treatment  consistently  showed  a  pH  of 
2.73  to  2.75. 


T.vblf.  I 
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Extr.\ctei)  Moi.ar  Teeth 
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Tabi.k  it 


An  E\AU*.\TI0N  ok  VARIOI’S  A(JKNTS  mUZKIl  KOK  RKIMTINU  I)K<’AI.<'IKI('ATI(>N  in  MATrilKK 
Enamei.-Dkntin  Frac.ments  SrnjECTEit  to  I,.  .\rinoiMiii,rs  Orai,  Strain  12  B  kor 

Thirty  Day.n 


treatment 

WEIOIIT  IN  orams 
ORIOINAI.  j  einai. 

I’ER  ,’ENT 

WEIOHT 

UIRK 

TER  ,'ENT 
REOmiON  IN 
nErAMHEICATION 

Controls 

12.8443 

8.1149 

36.83 

— 

Exposed  to  L.a. 
then  4%  NaF 

12.8548 

10.3782 

19.27 

47.68 

Expose,!  to  L.a. 
then  solution  T 

12.8559 

10.5506 

17.94 

51.29 

Exposed  to  L.a. 
then  solution  x 

12.8065 

11.1791 

12.71 

65.50 

DIS(’rs.mON 

Xotwithstaiuliiiff  the  faet  that  methods  applied  in  this  investigation  would 
have  little  elinieal  applieation,  much  valuable  information  has  been  ascer¬ 
tained.  The  acididateil  fluoride  solutions  consistently  showed  them  to  be  more 
effective  for  reducing  decalcification  of  enamel  than  the  alkaline  4  jier  cent 
sodium  fluoride  solution.  Further,  since  the  three  test  solutions  were  applied 
to  decalcified  fragments,  a  greater  reduction  in  further  decalcification  of 
enamel  wa.s  achieved  by  each  of  the  solutions  than  has  been  showm  in  this  re- 
]x>rt.  The  fact  that  no  gro.ss  changes  were  observed  in  the  treated  whole  teeth 
after  subjection  to  L.  acidophilus  for  one  year  suggests  hidden  possibilities  for 
building  up  the  tooth’s  resistance  to  ilecalcification. 


CONCLUSIONS 

1.  The  application  of  acidulated  fluoride  solutions  to  enamel-dentin  frag¬ 
ments  was  shown  to  be  exceedingly  more  effective  for  reducing  decalcification 
of  enamel  than  the  alkaline  4  per  cent  sodium  fluoride  solution. 

2.  It  appears  evident  that  a  chemical  arrangement  of  the  apatite  lattice 
of  enamel  may  be  achieved  which  will  result  in  an  enamel  ti.ssue  that  is  very 
highly  resistant  to  decalcification. 
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THE  CONXECTIOXS  BETWEEX  DEXTAL  CARIES  EXPERIENCE  AXD 
WATER-HORXE  FLUORIDES  IX  A  POPULATION  WITH 
LOW  CARIES  INCIDENCE 
r.  ADLER 

Stomatolofiical  Clinic  of  th*  Fniversitii,  Ihbrecen,  Tluntfarif 

IN  COLLARORATION  WITH  I.  SARK  ANY  AND  K.  TftTH  (STOMATOLOGICAL 
CLINIC),  AND  ,1.  STRAUH  AND  E.  SZEVERfiNYI  (INSTITUTE  FOR 
MEDICAL  CHEMISTRY) 

IN  SPITE  of  the  tremendous  work  pioneered  by  Dean  and  assoeiates'  in 
clarifyin"  the  earies-proteetinp  effect  of  domestic  waters  containing  natural 
fluorides,  some  problems  of  general  interest  and  importance  remained  to  be 
solved.  Among  others,  such  problems  are  the  following  ones. 

(1)  In  the  United  States  the  caries  incidence  is  very  high.  It  seems  (pies- 
tionable  whether  or  not  water-borne  fluorides  are  eaj>able  of  exerting  an  identical 
effect  in  areas  and  populations  with  an  a  priori  low  caries  incidence.  Recent 
findings  of  Weaver*  are  indicative  of  a  beneficial  effect  when  fluorides  are  con¬ 
sumed  in  addition  to  “wartime  diets.’* 

(2)  The  data  of  Dean  and  co-workers'  are  restricted  to  children  of  12  to 
14  years  of  age.  Weaver'  claimed  that  water-borne  fluorides  do  not  exert  a 
real  and  permanent  protection  against  caries  but  rather  cause  a  delay  in  onset. 
This  statement  is  partly  refuted  by  ArnokP  and  by  McKay.®  However,  the 
later  reports  are  dealing  with  areas  with  distinctly  toxic  fluoride  levels.  Ac¬ 
cording  to  findings  of  Short®  upon  tooth  eruption  data  in  fluoride  areas,  the 
minimal  concentration  causing  any  delay  of  eruption  was  above  2.0  ppm. 
Similar  differences  of  threshold  of  effect  also  may  be  operative  in  inhibition  or 
delay  of  caries.  Therefore,  it  seems  neces-sar^*  to  clarify  whether  in  areas  with 
protective  but  distinctly  atoxic  fluoride  levels  a  real  inhibition  of  caries  is 
present. 

(8)  Caries  resistant  and  caries  su.sceptible  teeth  show  no  differences  in 
major  chemical  components.'  The  early  findings  on  significant  differences  in  the 
fluorine  content  were  not  confirmed  by  McClure.*  We  can  thus  assume  that  in 
a  population  with  low  caries  experience,  the  forces  causing  the  carious  lesion 
are  not  as  .strong  as  in  regions  with  high  caries  incidence.  It  is  thus  to  be 
clarified,  if  fluorides  do  exert  any  effect  on  caries  experience  in  areas  with  Ioav 
caries  incidence,  whether  the  same  fluoride  concentration  (i.e.  approximately  1.0 
to  1.4  ppm)  is  required  to  cause  a  quantitatively  equal  effect,  or  whether  a 
weaker  or  stronger  concentration  is  needed. 

(4)  No  unanimity  of  opinion  exists  as  to  the  optimal  age  from  which  use 
of  fluoridated  water  is  required  in  order  to  secure  maximal  protection  against 

KxaminatioriK  were  carried  out  by  ^ranta  in  aid  from  the  Ministry  of  Education  (1949) 
and  the  Hungarian  Aca<lemy  of  Sciences,  Medicine  Section  (1950). 

Kegeived  for  pubiication  Oct.  3,  1950. 
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caries.  It  is  not  certain  whether  or  not  fluoridated  waters  must  be  u.sed  from 
birth  or  whether  first  use  in  postnatal  life  may  cause  some  or  an  equal  protective 
effect. 

(5)  Klein®  demonstrated  the  harmful  effect  of  some  waters  upon  caries 
experience.  It  is  of  some  interest  to  examine  similar  effects  in  areas  with  low 
caries  incidence. 

During  1949  and  1950  under  the  author’s  guidance  the  Caries  Research 
Croup  of  the  University  in  Debrecen  carried  out  extensive  field  studies  on  caries- 
fluorine  relationships.  Results  of  these  studies,  being  primarily  of  interest  to 
the  dental  and  public  health  professions  in  Hungary,  were  published  seriatim  in 
different  Hungarian  professional  journals.*®'**  Some  of  the  findings  are  of 
general  interest  and  add  to  elucidating  the  unsolved  problems  already  mentioned. 
In  the  following  report  these  findings  are  summarized. 

MATERIAI.  AND  METHODS 

Field  studies  were  carried  out  in  the  school  population  in  Komadi  (May, 
1949),  Biharnagybajom,  Sarretudvari  (September,  1949),  Szekszard  (December, 

1949) ,  Kunszentmarton  (March,  1950),  Ocsod  and  Bekesszentandras  (April, 

1950) .  For  comparison,  treatment  records  of  the  School  Dental  Service  at 
Debrecen  (1947-49)  and  findings  of  a  pilot  study  of  our  clinic  (carried  out, 
19:I7 ;  published,  1940)  in  a  single  school  at  Debrecen  upon  caries  experience 
were  also  used. 

Debrecen  is  a  larger  town  (the  third  largest  in  Hungarj  )  in  an  agricultural 
and  farming  area  wnth  somewhat  more  than  100,000  inhabitants.  The  communal 
water  supply  contains  0.2  ppm  F.  Only  51  per  cent  of  the  total  population 
use  water  from  the  communal  supply,  all  others  having  individual  artesian  or. 
occasionally,  dug  wells.  Samples  from  a  few  were  examined.  They  contain  F 
in  low  concentration  (not  over  0.3  ppm). 

Szekszard  is  a  small  town  in  Transdanubia  with  approximately  15,0(X) 
inhabitants.  The  public  water  supply,  used  by  84  per  cent  of  the  total  popula¬ 
tion,  contains  0.76  ppm  F.  Samples  from  some  other  wells  were  examined.  All 
except  one  contain  fluorine  in  protective  concentration  (more  than  0.5  ppm). 

Komadi,  Bekesszentandras,  ()csod  and  Kunszentmarton  are  villages  adjacent 
to  the  river  Kiiros,  having  respectively,  approximately  lO.OlX),  somewhat  over 
6.000,  somewhat  less  than  8,000,  and  somewhat  more  than  11,000  inhabitants. 
The  public  artesian  w’ells  used  at  Komadi  contain  F  between  0.87  and  1.55  ppm 
and  at  Kunszentmarton  between  0.77  and  1.55  ppm.  On  the  other  hand,  at 
Ocsiid  the  F  concentration  of  the  artesian  wells  varies  l>etween  0.07  and  0.32 
ppm  and  at  Bekesszentandras  between  0.1  and  somewhat  less  thkn  0.5  ppm. 

In  the  farms  around  KunszentmArton  most  artesian  w’ells  contain  protective 
amounts  of  fluorine  and  so  do  some  dug  wells.  Of  eleven  artesian  wells  only 
two  contain  less  F  than  0.5  i)pm;  the  otheiN  vary  In'tween  0.5  and  1.77  ppm.  In 
samples  from  five  dug  wells,  three  had  less  h’  than  0.5  ppm;  in  two,  however, 
we  found  0.72  and  0.74  ppm  respectively. 
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In  the  farms  around  (*>esdd  five  artesian  wells  were  examined.  Two  eon- 
tain  less  than  O.o  ppm  F,  The  others,  however,  had  0.59  ppm,  0.72  ppm,  and 
0.74  ppm  respectively. 

In  the  farms  around  Bekesszentandras  predominantly  dug  wells  are  used. 
From  four  samples  examined  one  contained  0.76  ppm  F,  the  others  less  than 
0.5  ppm. 

Sfirretudvari  and  Biharnagyhajom  are  small  villages,  with  approximately 
5,000  inhabitants  each,  in  a  drained  and  ameliorated  marsh  area.  The  distance 
between  the  two  villages  is  somewhat  less  than  4  kilometers.  The  fluorine  con¬ 
centration  in  the  artesian  wells  at  Sarretudvari  varies  between  0.1  and  0.29 
ppm.  at  Biharnagybajom  between  0.14  and  0.70  ppm. 

In  estimating  the  fluorine  concentration,  the  Fellenberg  modification  of 
the  Willard-Winter  method  was  used.’^  All  estimations  were  performed  in  the 
Institute  of  Medical  Chemi.str}*  of  our  University,  by  J.  Straub  and  his  as.so- 
eiates. 

In  field  studies  in  areas  without  communal  water  supplies  it  is  questionable 
what  value  of  fluorine  concentration  is  to  be  relied  upon.  In  communities 
where  artesian  wells  are  predominantly  used,  and  the  water  of  all  contains 
fluorine  uniformly  in  a  protective  or  nonprotective  concentration,  mea.sured  by 
the  standards  of  Dean  and  associates,  the  average  concentration  of  the  individ¬ 
ual  wells  was  taken  to  characterize  the  fluorine  consumption  of  the  population. 
At  Biharnagybajom,  however,  where  some  wells  contain  protective  concentra¬ 
tions,  and  others  less,  a  second  approach  was  tried.  In  the  last  decade  no  con¬ 
siderable  change  in  the  size  of  the  population  occurred,  only  one  new  well  being 
established.  Nevertheless,  we  simply  stated  what  artesian  well  was  used  by 
each  of  the  pupils  examined.  The  number  of  pupils  using  an  identical  well  was 
multiplied  by  the  fluorine  concentration  of  that  peculiar  water.  This  figure  was 
computed  for  all  artesian  wells.  Then  the  figures  were  added  and  finally 
divided  by  the  total  number  of  pupils.  In  this  way  we  obtained  the  average 
fluorine  concentration  consumed  by  individual  pupils.  A  minimal  difference 
was  found  only  in  eomparison  to  the  average  completed  from  the  concentra¬ 
tions  of  F  in  the  single  wells.  This  method  may  be  useful  in  examining  the 
caries-fluorine  relationship  in  areas  without  public  water  supply  and  with  a 
limited  number  of  wells.  In  the  farms  around  sinirle  villages  this  method 
could  not  be  useil  since  in  several  farms  dug  wells  are  used  occasionally. 

Examination  of  pupils  was  performed  in  the  school  room,  in  daylight  (ex¬ 
cept  at  SzekszSrd  in  a  few  sch(X)ls  where  examinations  were  carried  out  on 
winter  aftemfxms),  by  mirror  and  fine  probe.  All  fissures  where  the  probe  w?s 
caught  were  note<l  as  carious.  In  the  permanent  dentition  the  D.M.F.  teeth, 
in  the  deciduous  dentition  the  df  teeth  were  recorded.  In  evaluating  the  find¬ 
ings,  the  epidemiologic  methods  as  des<*ribed  by  Dean  and  co-wo  kers  wcic 
followed  closely. 

However,  our  examinations  were  not  restricted  to  any  peculiar  age  group, 
as  in  the  studies  of  Dean  and  his  associates,  but  comprised  the  total  school 
population  of  the  communities  (excei)t  Debm-en).  Enrollment  in  school  occurs 
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after  having  passed  the  sixth  birthday  and  eight  classes  are  compulsorj’.  Thus, 
some  children  of  7  and  15  years  of  age  were  examined,  but  all  children  in  the 
ages  between  8  and  14  were  examined.  The  ages  8  to  14  years  are  representa¬ 
tive  but  children  of  7  and  15  years  are  not. 


Fig.  1. — Survey  on  mutual  location  of  the  communities  where  caries  examinations  were  made, 
of  university  towns,  and  main  streams  in  Hungary. 

Location  of  the  communities  is  sho\vn  in  Fig.  1.  The  average  F  concentra¬ 
tion,  variation  of  the  concentration  in  the  individual  wells,  number  of  pupils 
born  and  reared  in  each  community  examined  are  summarized  in  Table  I. 

FINDINGS  AND  COMMENTS 

(1)  The  caries  experience  in  the  permanent  dentition  of  12  to  14-year- 
old  children  is  summarized  in  Table  II.  The  data  clearly  demonstrate  that  in 
spite  of  the  low  caries  incidence,  in  comparison  with  the  U.  S.  A.,  in  the  prac¬ 
tically  fluorine-free  regions,  a  marked  decrease  in  incidence  occurs  in  fluorine 
areas.  This  is  obvious  from  the  frequency  distribution  data  compiled  in  Table 
III.  The  highest  percentage  of  caries-free  individuals  in  fluorine  areas  and  the 
highest  percentage  of  persons  with  5  or  more  D.M.F.  teeth  in  fluorine-free  areas 
demonstrate  this  difference. 

Water-borne  fluorides  are  capable  of  exerting  a  marked  protection  against 
caries  in  a  population  in  an  area  where  caries  incidence  is.  a  priori,  low. 

.(2)  The  total  school  population  was  examined  in  seven  communities.  Thus, 
we  are  able  to  compare  the  caries  experience  of  different  age  groups  of  school 
age  (8  to  14  years). 

In  comparing  the  caries  experience  in  the  permanent  dentition,  of  different 
age  groups  within  school  age,  it  seems  advisable  not  to  rely  uinin  the  total  caries 
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Survey  on  Communities  Where  Caries  Investigations  Were  Carried  Out;  on  Their 
Water  Supplies  and  on  the  Fluorine  Contents  of  the  Domestic  Waters 


community  and 

kind  of  water  supply 

;  AVERAGE  FLUORINE  1 

NUMBER  OF  PUPILS 

time  of  exami¬ 
nation 

concentration;  maximum  and  minimum 

F  CONTENTS 

EN¬ 

ROLLED 

EX¬ 

AMINED 

EVALU¬ 

ATED 

Komadi 

May,  1949 

Artesian  wells 

1.09  ppm 

0.87-1.55  ppm 

(Some  private  wells 
contain  less  than  0.5 
ppm  F) 

1,366 

1,259 

997 

Biharnagybajom 
Sept.,  1949 

Artesian  wells 

0.33  ppm 

0.13-0.70  ppm 

(3  wells  contain  more 
than  0.5  ppm  F) 

672 

569 

425 

Sarr^tudvari 

Sept.,  1949 

Artesian  wells 

0.20  ppm 

0.10-0.29  ppm 

774 

653 

506 

Szekszard 

Dec.,  1949 

Public  water  supply 

0.76  ppm 

(Some  private  artesian 
wells,  mostly  with 
more  F  than  0.5 
ppm) 

1,481 

1,449 

803 

Kunszentmarton 

village 

Artesian  wells 

0.99  ppm 

0.76-1.55  ppm 

(Within  the  village) 

1,450 

1,373 

1,044 

and 

farms 

March,  1950 

Artesiin  wells 

0.72  ppm 

0.18-1.77  ppm 
(2  artesian  wells  con¬ 
tain  less  F  than  0.5 
ppm) 

(Of  5  dug  wells  ex¬ 
amined,  2  contain 
more  F  than  0.5 
ppm) 

6csod 

April,  1950 

Artesian  wells 

0.21  ppm 

0.07-0.32  ppm 

(In  the  farms  some 
wells  contain  more 
than  0.5  ppm  F) 

1,102 

893 

750 

Bekesiszentandras 
April,  1950 

!  Artesian  and  dug  wells 

0.21  ppm 

0.10-0.51  ppm 

(Only  one  single  well  contains  more  F  than 

0.5  ppm  within  the  village,  and  one  further 
dug  well  in  the  farms) 

844 

i 

694 

i 

1  627 

i 

It  is  to  be  noted  that  the  average  P  values  at  Ocsod  and  B4k6sszentandras  are  computed 
relying  only  on  the  fluorine  contents  of  the  wells  within  the  villages  themselves ;  the  wells  in  the 
farms  around  these  villages  were  not  taken  into  consideration. 


experience  but  upon  caries  incidence  in  one  single  type  of  tooth,  i.e.,  the  first 
molars.  The  total  caries  experience  is  considerably  influenced  by  eruption  time 
and  presence  of  other  highly  caries-su.sceptible  teeth.  If  we  intend  to  determine 
whether  caries  is  inhibited  or  only  delayed,  it  seemed  advisable  to  compare  the 
first  molar  caries  experience  in  9  to  11-year-old  children  in  fluoride  and 
fluorine-free  areas  (with  more  or  less  F  than  0.5  ppm)  and  to  compare  the 
number  of  D.M.F.  first  molars  in  the  same  areas  in  children  of  12  to  14  years 
of  age.  In  both  instances,  the  per  cent  increase  of  the  D.M.F.  index  was  to 
be  computed.  Since  this  index  is  low’er  in  the  fluoride  area,  it  can  be  expected 
that  if  the  onset  of  caries  is  only  delayed — a  more  marked  increase  would  occur 
within  three  years  in  these  regions  than  in  children  of  fluorine-free  areas  with  an 
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Table  II 


Dental  Cakies  Experience  of  12-  to  14-Year-Old  Children  Continiously  Resident 
IN  Fli'oride  and  Fluorine-Free  Areas 


- - - 

NUMBER  OF  j 

subjects 

TOTAL  D.M.F. 

RATE 

UPPER  INCISOR 
D.M.F.  R.\TE 

COMMUNITY 

EXAMINED  1 

IN  100  CHILDREN 

Koniafli 

.143 

1.31 

5.7 

Szek.szard 

292  1 

91  ! 

5.5 

Kun.szentmarton  (village) 

283 

102  ] 

2.5 

Kunazentmarton  (farms) 

86 

129  1 

5.8 

Fluoride  areas  total 

1,004 

111  i 

Oosiid 

222 

209 

13.5 

Beke.aazentand  ras 

177 

243 

13.6 

Bihamagybajom 

143 

306 

18.1 

Sarretudvari 

166 

42.5 

31.3 

Fluorine-free  area.a  total 

708 

284 

Treatment  records  from  school 
dental  service  at  Debrecen 

221 

300 

16.3 

1 

At  Debrecen  pupils  attending  one  peculiar  school  service  were  taken  into  consuleration, 
without  reRard  for  their  continuous  residence  at  Debrecen. 


a  priori  hiffher  index  of  D.M.F.  first  molars.  The  data  compiled  in  Table  IV  show 
that  in  fluoride-free  areas  the  caries  incidence  of  the  9  to  ll-year-olds  is  low 
enoufrh  to  permit  a  free  increase  according  to  the  strength  of  offending  forces. 
Even  in  the  village  with  the  worst  teeth,  in  children  of  12  to  14  years,  the  D.M.F. 
first  molar  index  is  lower  than  3.  Thus,  there  are  teeth  present  in  a  sufficient 
number  that  can  be  attacked  if  susceptibility  is  higher. 

Table  III 


Caries  Frequency  Dlstribution  in  12-  to  14-Year-Old  Children 


COMMUNITY 

PERCENT.XC.E  OF 

CHILDREN 

WITH 

0  1 

1  1 

2  i 

5  1 

4  1 

MORE 

PERMANENT 

D.M.F.  TEETH 

Komadi 

! 

21 

14 

12 

6 

4 

Szekszard 

5-1 

19 

16 

6.5 

2.4 

2.8 

Kunazentmarton  (village) 

1  53 

21 

10 

J 

4.2 

4.2 

Kunazentmarton  (farms) 

48 

19 

16 

J 

5 

5 

Ocsdd 

j  36 

15 

13 

10 

11 

15 

Bekesszentandraa 

1  30 

16 

14 

12 

14 

14 

Bihamagybajom 

;  13 

12 

15 

21 

21 

17 

Sarrctudvari 

1  3.6 

9.6 

16 

14 

18 

38.5 

From  the  data  in  Table  IV  it  can  be  seen  that  the  percentage  increa.se 
varies  considerably  in  the  communities.  However,  using  the  summarized  aver¬ 
ages  of  fluoride  and  fluorine-free  regions,  it  is  obvious  that  in  the  fluoride  areas 
a  smaller  increase  occurs.  We  are  thus  justified  in  concluding  that  within 
school  age  not  delay  but  inhibition  of  caries  occurs,  and  with  progressive  age 
this  seems  to  become  more  manifest,  at  least  under  the  circumstances  prevailing 
in  Hungary  (low  caries  susceptibility  and  incidence),  by  the  assumed  optimal 
concentration  of  water-borne  fluorides. 

Caries  experience  has  been  shown  by  Klein  and  Palmer'*  to  be  a  function 
of  the  cumulative  ]>osteruptive  tooth  age.  Regartling  this  item  not  in  years 
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Table  IV 


D.M.F.  Permanext  First  Molar  Rates  ix  9-  to  11-Year-Old  axd  12-  to  14-Year-Old 
Childrex  IX  Fluoride  axd  Fluorixe-Free  Areas 


COM  MUXITY 

D.M.F.  FIRST 
PER  100  1 
YEARS 

9-11 

MOLAR  RATES 
CHILDREX 

OF  AGE 

12-14 

PER  CEXT  IXCREASE 

OP  THE  D.M.F.  FIRST 
MOLAR  RATE  FROM 

9-11  TO  12-14 

YEARS  OF  AGE 

Komadi 

88 

108 

22.8 

Szekszard 

47 

74 

57.5 

Kunszentmarton  (village) 

72 

76 

5.1 

Kunszentma^ton  (farms) 

68 

9,3 

36.8 

Fluoride  areas  total 

72 

87  , 

20.8 

dcsdd 

117 

1.34 

14.5 

B^k^sszentandras 

141 

;  162 

14.9 

Bihamagybajom 

144 

234 

62.5 

Sarretudvari 

221 

i  273 

23.5 

Fluorine-free  areas  total 

1  156 

194 

26.0 

but  in  percentage  of  the  total  expected  tooth  age,  deciduous  molars  of  8  to  9- 
year-old  children  have  completed  approximately  75  per  cent  of  their  total 
posteruptive  life  cycle.  In  this  respect  they  are,  thus,  comparable  to  the 
permanent  first  molars  of  people  between  at  least  40  and  50  years  of  age. 

Based  upon  this  assumption,  the  df  experience  in  the  molars  (deciduous)  of 
8-  to  9-year-old  children  of  fluoride  and  fluorine-free  areas  is  compiled  in 
Table  V.  Considerably  less  caries  experience  prevailed  in  fluoride  areas.  The 
number  of  missing  deciduous  molars  is  shown,  without  having  taken  into  con¬ 
sideration  whether  or  not  the  successor  premolars  are  already  present.  Early 
removal  of  deciduous  molars  because  of  caries  may  in  one  case  accelerate,  in 
the  other  case  delay,  permanent  prcmolar  eruption.  Normal  spontaneous  shed¬ 
ding  rarely  occurs  before  the  ninth  birthday  if  at  all.  The  findings  summarized 

Table  V 

Number  of  Carious  axd  Filled  Deciduous  Molars  ix  Children  of  8  to  9  Years  and 
Additioxal  D.ata  I’pox  Missixg  Deciduous  Molars,  Without  Regard  to  Presexce 
OR  Absexce  of  Successor  Teeth  ix  Fluoride  axd  Fluorixe-Free  Areas 


i 

XUMBER  OF  j 

XUMBER  OF  DF  DECIDUOUS 
MOLARS 

XUMBER  OF  MISSIXG 
DECIDUOUS  MOLARS 

COMMUXITY  1 

SUBJECTS  1 

TOTAL  i 

PER  CHILD  1 

TOTAL  1 

PER  CHILD 

Fluoride  areas 

Komadi  1 

i 

305 

382 

1.25'  1 

! 

132  i 

0.43 

Szekszard 

197  j 

328 

1.67  j 

53  1 

0.27 

Kunszentmarton 

(village) 

178 

285  ! 

1.60  ! 

51  i 

0.29 

(farms) 

78 

140 

1.79  i 

20  ' 

0.26 

Total 

1  758 

1,135 

;  1.50 

256 

0.34 

Fluorine- free  areas 
Ocsod 

156 

380 

2.44 

74 

0.48 

B^  kesszentand  ras 

131 

345 

I  2.63 

59 

0.45 

Bihamagyba  j  om 

I  114 

237 

2.08 

71 

0.62 

S4rr4tudvari 

;  126 

252 

!  2.00 

1  158 

1.21 

Total 

527 

1  1,214 

1  2.30 

1  362 

1  0.69 

Supposed  total  deciduou.s  molar  caries  experience  amounts  to : 
in  fluoride  areas  1.84 

in  fluorine-free  areas  2.99 


per  child  (8  to  9  years  of  age). 
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in  Table  V  strongly  support  the  view  that  protection  against  caries,  imparted 
to  the  teeth  by  water-borne  fluorides,  is  not  of  transitory  nature  but  a  long-last¬ 
ing  one.  Naturally,  with  increasing  age  a  gradual  increase  of  the  D.M.F. 
c.xpcrience  is  to  be  expected. 

Without  having  had  an  opportunity  to  examine  representative  groups  of 
the  populations  over  school  age  in  fluoride  and  fluoride-free  areas,  we  are  unable 
to  make  any  definitive  statement  upon  the  inhibitory  or  delaying  action  of  watei*- 
l)orne  fluorides  in  optimal  concentration  upon  caries  incidence.  However,  on  the 
basis  of  the  demonstrated  data  we  are  prone  to  believe  that  the  action  of  fluorine 
is  inhibitory.* 

(3)  The  closer  analysis  and  comparison  of  the  data  of  Kunszentmarton 
village  and  the  farm  groups  around  the  village  throw  some  light  upon  the 
problem  of  whether  or  not  an  equal  concentration  of  fluorides  is  required  to 
produce  an  effect  comparable  to  that  obser\-ed  by  former  investigators.  While 
within  the  village  practically  all  people  steadily  use  artesian  water  for  all 
domestic  purposes  and  each  artesian  well  contains  protective  amounts  of  fluorine, 
in  the  farms  some  artesian  wells  contain  less  fluorine  and  some  people  use  un¬ 
controllable  dug  wells.  Of  the  farm  impulation,  only  a  pari  of  the  children 
attending  school  was  using  domestic  waters  with  protective  fluoride  levels 
through  the  total  life  span,  while  others  certainly  used  for  domestic  purposes 
waters  with  less  F  than  0.5  ppm.  It  can  be  taken  for  granted  that  a  part  of 
the  children,  and  assumedly  this  is  the  largest  contingent,  drinks  alternatively 
from  protective  and  nonprotective  wells.  While  under  identical  conditions 
of  the  domestic  waters  in  smaller  farm  communities  (farm  groups)  less  caries 
experience  is  observed  than  even  in  small  villages  (as  has  been  shown,  e.g.,  for 
Koniadi  and  two  form  groups  around  Komadi  by  Adler,  Straub,  and  S6rk4ny^^). 
At  Kunszentmarton  the  reverse  holds  true:  the  D.H.F.  index  for  children  12  to 
14  yeai*s  of  age  is  higher  in  the  farms  than  in  the  village  (Tables  II  and  III). 

We  may  thus  conclude  that  a  reduced  level  of  fluorine  within  the  protective 
range,  compared  with  the  innocuous  optimum  found  by  Dean  and  associates 
(i.e.  1  ppm),  gives  less  protection  under  the  circumstances  prevailing  in 
Hungary  also. 

We  are  unable  to  exclude  some  protection  by  smaller  amounts  of  fluorine. 
In  this  connection  some  interesting  facts  can  be  deduced  fi*om  comparing  the 
caries  data  of  Biharnagybajom  and  Sarretudvari.  As  mentioned,  the  distance 
between  these  two  villages  is  somewhat  less  than  4  kilometers.  At  Biharnagyba¬ 
jom  three  artesian  wells  were  found  containing  protective  concentrations  of 
fluorine,  while  in  Sarretudvari  in  all  wells  less  than  0.5  ppm  F  is  present.  The 
average  uptake  (computed  in  the  peculiar  way  described  under  Material  and 
Methods)  amounts  at  Biharnagybajom  to  0.32  ppm ;  the  average  fluorine  con¬ 
centration  of  the  wells  is  0.33  ppm.  At  Sarretudvari  the  average  is  0.20  ppm. 

♦Field  studies  were  conducted  in  the  meantime  in  the  aduit  female  population  of 
Kunszentmarton ;  the  carles  exjierlence  was  compared  with  the  female  population  of  fluorine- 
free  areas.  There  is  an  increasing  absolute  difference  between  the  DMF  rates  up  to  20  to 
25  years  of  age  and  then  a  constant  difference  of  approximately  3  DMF  teeth  per  person  up 
to  40  to  45  years  of  age.  A  separate  report  of  these  studies  is  to  be  published  in  Deutsche 
Znhn-,  Mund-  und  Kieferheilkunde. 
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The  ameliorated  marsh  area  where  these  two  villajres  are  located  is  known  as  a 
foeus  with  an  extremely  hiprh  caries  incidence.  It  is  believed  by  the  inhabitants 
that  teeth  of  migrants  become  deeayed  soon  after  their  arrival.  As  is  shown 
in  Part  o  of  this  |iai>er,  this  belief  has  been  substantially  supported  by  oiir 
investigations.  The  two  villages  arc  in  the  sanie  geologic  area ;  customs,  nn- 
trition.  racial  and  scMnal  strncture,  and  economic  status  of  the  population  hardly 
differ,  if  at  all.  However,  even  the  small  difference  of  the  average  F  eon- 
eentration  of  the  domestic  waters  seems  sufficient  to  iirodnce  a  marked  difference 
in  the  earies  experience  of  the  permanent  teeth  in  all  age  groups,  as  shown  for 
the  12-  to  14-year-old  children  in  Tables  II  and  III,  and  for  all  ages  sejiarately 
in  Table  VI.  ' 

Tahi.e  vr 

COMP.VRISOX  OK  THE  C.VRIES  EXPERIENCE  OK  Al.I,  AGES  AT  HllIAI!X.\GYBAJOM  AXI»  SAl!l:^;Tri»VAIiI 


BllIARX.AGYBAJOM  S.^RR^r^^I)VAI!I 


1 

AGE  IX  YEARS  | 

NUMBER  OK  I 

SUBJECTS  1 

D.M.K.  RATE  PER  i 

CHILD 

NUMBER  OK 

SUBJECTS 

'  D.M.K.  R.VTE  PER 
CHILD 

7  1 

49 

0.33 

7S 

0.64 

S 

r)7 

1.2(* 

70 

1.74 

0 

57 

l.is 

5r» 

2.02 

in 

57 

1.4(i 

74 

2.19 

11 

(12 

2.02 

02 

2.S0 

l‘J 

(■)(? 

2.H.") 

t  i 

.3.,">1 

1.3  j 

■>2 

2.S0 

.94 

4.67 

11  1 

25  I 

4.02 

55 

5.23 

Data  according  to  Adler.  Straub  and  SMrkiiny." 


The  few  water  samples  from  the  farms  around  Ocsbd  have  displaye<l  pro¬ 
tective  fluorine  levels  in  some  and  in  one  sample  from  the  farms  around 
Bekesszentandras  protective  fluorine  level  was  found.  It  was  not  possible  to 
examine  the  fluorine  contents  in  all  wells  used  in  the  different  farms,  but  the 
few  samples  are  indicative  that  in  some  watei’S  used  for  domestic  purposes  in 
these  areas  protective  amounts  of  fluorine  are  present.  The  effect  of  the  higher 
fluorine  concentration  in  addition  to  farm  life  causes  a  markedly  reduced  caries 
experience  in  the  farm  school  populations  in  comparison  to  the  schools  within 
the  two  villages,  as  shown  in  Table  VII. 

i  Table  VII 

I  COMPAKISOX  OK  CaI:IES  EXPERIENCE  AT  OCSOD  AND  BtK^SSZEXTA.XbUA.S  IX  VILLAGE  AXI» 

Surrounding  Farms 


bcs<»D 

b£k6sSZENTA  XDR  .\  s 

ITEMS  EXAMINED 

VILLAGE  j 

KAILMS 

VILLAGE  1 

KARMS 

df  experience  in  8  to  9-year-  j 

old  children 

Number  of  subjects 

Per  child  rate  of  df  teeth 

!  150 

1  2.89 

1 

56 

1.40 

t 

131 

3.05 

34 

1.88 

D.M.F.  experience  in  9  to  11- 
year-old  children 

Number  of  subjects 

Per  child  rate  of  D.M.F.  teeth 

1  ’  1.2(5 

47 

0.0, S 

1  j 

195 

’  1.57 

53  '  • 

1.40 

D.M.F.  experience  in  12  to  14- 
year-old  children 

Number  of  subjects 

Per  child  rate  of  D.M.F.  teeth 

o*>o 

2.05 

00 

1.02 

177 

2.43 

;  44 

1.05 

Volume 
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Paying  due  eonsidoration  to  all  the  faets  discussed,  we  may  conclude  that: 

( I )  A  concentration  of  water-lmme  fluorides  equal  to  that  found  in  other  resfions 
is  required  I0  produce  coniparahle  i>rotection  a$;ainst  caries.  (2)  In  racially, 
socially,  aiid  economically  i<lentical  populations  smaller  concentrations  are 
sufficient  to  cause  some  protection.  This  is,  however,  considerably  smaller, 
weij^hed  quantitatively,  than  the  maximal  one,  caused  by  the  optimal  fluoride 
level. 

(4)  At  Szekszard  and  KunszentrnArton  a  sufficient  number  of  subjects  of 
12  to  14  years  who  had  moved  postnatally  into  these  two  communities  with 
protective,  naturally  fluorinated  water  was  examined.  Within  the  jjroup  of 
mijirants  two  subgroups  were  formed  according  to  the  date  of  arrival  of  the 
children:  whether  they  had  l)een  living  in  the  fluorine  area  not  longer  than 
three  years  or  whether  they  had  l)een  living  there  continuously,  since  l>efore 
their  sixth  birthdays.  The  caries  experience  of  these  two  subgroups  is  compared 
with  the  D.iM.F.  index  of  children  in  the  identical  ages  l)om  and  reared  in  the 
two  communities  (referred  to  later  on  as  “indigenous”).  The  data  compiled 
in  Table  VI 11  are  self-explanatory*.  There  is  a  very  marked  difference  l>etween 


Tabi.e  VIII 

FIK.ST  PEKMA.NK.NT  MoI.AI:  (;a|:IE.S  I.\(It»EN(E  in  ClIILOnEN  OF  12  TO  14  YEAF.S  CONTINrOUSr.Y 
Resident  in,  ani»  Po.stnatam.y  MiGRA*nNo  Into,  Fluoride  Areas 


BORN  AND 

REARED  IN  ' 

MIGRANTS  INTO 

FLUORIDE  AREA 

1 

FLUORIDE  AREA 

BEFORE  6th  birthday  | 

IN  LAST  THREE  YEARS 

COMMUNITY  j 

NUMBER  OF  I 
SUBJEtrrS  1 

D.M.F.  RATE 
PER  CHILD 

NUMBER  OF 
SUBJECTS  ' 

D.M.F.  RATE  1 
PER  CHILD  ' 

NUMBER  OF 
SUBJECTS  ■ 

D.M.F.  RATE 
PER  CHILD 

Szekszanl 

202 

0.74 

25 

0.92 

84  , 

1.09 

Knn.<(7.ent- 

mArton 

L'S.*: 

0.7(5 

1 

17 

0..S4 

47 

1.66 

1 

Total 

1  575 

1  0.7i> 

42 

1  o.ss 

1  I.*!! 

.  1.29 

the  D.M.F.  indexes,  especially  of  the  late  migrants  and  the  indigenous  in¬ 
habitants.  Less  difference  is  observed  in  children  who  moved  not  later  than 
in  their  sixth  year  of  life  into  the  fluoride  area.  The  small  numlK^r  of  subjects 
in  this  middle  group  does  not  permit  ilrawing  any  definite  conclusion.  It  seems, 
however,  that  use  of  a  naturally  optimally  fiuorinated  water  from  early  child- 
hooil,  in  all  instances  beginning  within  the  period  of  the  deculuous  dentition 
and  prior  to  eruption  of  the  permanent  teeth,  suffices  to  cause  a  marked  pro¬ 
tection  against  caries.*  This  protection  is  manifest  in  comparing  the  D.M.F. 
indexes  of  .such  early  migrants  with  those  of  late  migrants  or  of  children  in 
fluorine-free  areas.  Apparently  the  protection  is  somewhat  less  markeil  than 
in  indigenous  children.  Whether  or  not  this  protection  is  of  a  duration  equal 
to  that  in  the  indigenous  group,  cannot  lie  decided. 

The  caries  experience  in  the  deciduous  dentition  of  migrants  as  compareil 
with  the  indigenous  children  in  the  7-  to  9-year-old  group  at  Szekszan.1  dis¬ 
played  considerable  differences,  yet  none  was  observed  at  Kunszentmitrton. 

•Some  atlditionnl  data  were  colUn'ted  in  the  late  fall  of  1950  at  the  fluoride  village  of 
Uyoma.  The  .summarized  data  of  the  three  field  studies  evaluateil  in  reliance  upon  the  first 
molar  caries  experience  revealed  no  .siKnifleant  difference  betwt'en  the  caries  rates  of  "indije- 
enou.s"  children  and  "early  miirrants." 
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MDP  Pareantag*  of  sabjaeta 

Index  with 

0  12  9  aepe 

MDP  teeth 


MSP  Pereentege  of  enhjeets  with 

Index  0  1  2  9  4  sore 

MSP  teeth 


Kig.  2. — Frfe<iufcncy  distribution  of  caries  experience  in  children  born  and  reared  in 
fluoride  areas  in  comparison  to  children  resident  there  not  longer  than  three  years.  D.M.F. 
rates  per  100  children. 

A,  .Szeksz&rd. 

H,  Kunszentm4rton. 

Children  bom  and  continuously  resident  in  the  fluorine  area;  white  columns.  Children 
resident  not  longer  than  three  years  in  the  fluorine  area:  half  black  columns. 
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Fmimncy  distribution  of  the  caries  experience  in  12-  to  14-year-old  in¬ 
digenous  and  late  migrant  children  at  Szekszard  and  Kunszentmarton  is  shown 
in  Fig.  2,  A  and  li.  It  is  to  be  noted  that  the  difference  of  caries  experience 
is  greater  at  Kun.szentinarton.  At  Szekszard  a  considerable  ])art  (more  than  the 
half)  of  the  migrants  moved  from  the  next  vicinity  into  the  town  and  some 
migrants  displayed  some  signs  of  slight  mottling.  At  Kun.szentmarton  nearly 
all  migrants  came  from  greater  distances. 

On  the  basis  of  these  findings  we  are  inclined  to  the  view  that  on.set  of  u.se 
of  fluorinated  wateiN  within  the  first  6  years  of  life  is  sufficient  to  produce  a 
marked  protection  against  caries,  and  this  protection  is  only  minimally  less 
marked  than  that  ob.served  in  indigenous  children  of  fluoride  areas. 

In  areas  using  domestic  waters  with  optimal  fluorine  concentration,  teeth 
are  practically  .saturated  with  fluorine.  While  Adler,  Straub,  and  Popovics'* 
(lemon.st rated  that  lower  premolars  of  15-  to  16-year-old  children  readily  take  up 
measurable  amounts  of  fluorine  from  a  topically  applied  sodium  fluoride  solu¬ 
tion,  it  has  been  shown  by  Adler,  Straub,  and  Szeverenyi'®  conducting  similar 
experiments  at  Komadi  that  practically  no  fluorine  is  taken  up  at  all.  For 
these  reasons  (saturation  with  fluorides,  reduced  caries  incidence)  we  coined 
the  term  “eufluorosis” ;  by  this  term  we  intend  to  express  an  optimal  fluorine 
level  in  the  domestic  water,  cau.sing  no  appreciably  disturbing  mottling,  maximal 
protection  against  caries,  and  saturation  of  the  hard  tissues  of  the  teeth  with — 
apparently  optimal  amounts  of — fluorine.  As  contrary  notions,  “hypofluorosis” 
(with  enhanced  caries  susceptibility)  and  “hyperfluorosis”  (disfiguring  mot¬ 
tling)  may  be  used.  Our  proposal  .seems  to  be  in  best  agreement  with  the 
recent  review  by  Hodge.^" 

(5)  By  comparing  the  caries  data  of  late  migrants  into  Bihamagybajom  and 
Sarretudvari  with  indigenous  children  (12  to  14  years  old)  (Table  IX it  is 


T.\ble  IX 

CoMPAKisoN  or  Caries  Data  .\t  Biharnwgybajom  axd  S.^rr^tudv.^ri  Between* 
“Indigenous”  Children  and  Migrants  in  Last  Years 


■■ 

INDIGENOUS  CHILDREN  | 

IMMIGRANTS 

' 

COMMUNITY 

NUMBER  OF 
SUBJECTS 

D.M.F.  RATE 
PER  CHILD 

NUMBER  OF 

SUBJECTS 

D.M.F.  RATE  ; 
PER  CHILD 

DURATION  OF 
EXPOSURE 
MAXIMALLY 

(yr.) 

Total  permanent  dentition  caries  experience  in  children  of  12-14  years 


Sarretudvari 

ICC 

4.25 

20 

3.00  1 

Riharnagybajom 

143 

3.0c 

19 

2.31 

Total 

309 

1  3.70 

i  39 

2.C7 

First  permanent  molar  caries  experience  in  children  of  10-14  years 

Sarretudvari 

1  302 

2.52 

14 

1.71 

Bihamagybajom 

2C2 

1.9S 

31 

1.45 

Total 

5C4 

2.27 

45 

1.5c 

obvious  that  late  migrants,  residing  in  this  area  not  longer  than  3  and  5  years 
respectively,  have  better  teeth.  This  is  indicative,  in  conformity  with  the  tind- 
ings  of  Klein,®  that  in  these  two  communities  some  earies-promoting  influence 
is  at  work.  The  caries-promoting  influence  is  obvious,  furthermore,  from  the 
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caries  data  of  the  indigenous  children  given  in  the  previous  tables.  Tliis  agent 
is  jjartly  counteracted  at  Biharnagybajom  by  the  liigher  fluorine  level  of  the 
domestic  waters.  Whether  this  agent  is  water-borne  or  not,  cannot  be  decided 
upon.  We  have  no  knowledge  of  any  peculiar  nutritional  habit  or  other  external 
agent  that  might  be  the  cause  of  the  increased  caries  susceptibility.  Our  obser¬ 
vations  confirm  Klein’s  findings.”  In  some  localities  special  factors  which 
promote  caries  are  seemingly  at  work. 

SUMMARY 

In  Hungary,  a  country  with  an  a  ])riori  low  caries  incidence,  identical 
differences  were  found  in  the  D.AI.P.  rates  between  fluoride  (more  that  0.5  ppm) 
and  fluorine-free  (less  than  0.5  ppm)  areas  as  in  the  U.S.A.  and  other  regions 
with  high  caries  incidence.  An  identical  concentration  of  F  is  required  in 
spite  of  the  lower  strength  of  caries-producing  forces  to  secure  an  equal  pro¬ 
tection.  By  comparing  the  D.]M.F.  first  molar  rates  in  9-  to  11-year-old  and  12- 
to  14-year-old  subjects  in  fiuoride  and  fluorine-free  areas,  and  the  deciduous 
molar  caries  experience  in  8-  to  9-year-olds,  the  action  of  fluorine  is  regarded 
as  inhibitive  and  not  as  caries  delaying  only.  Onset  of  use  of  fluorinated  waters 
has  to  occur  within  the  first  six  years  of  life  in  order  to  produce  an  appreciable 
protection  against  caries  in  the  permanent  dentition.  In  some  communities 
factors  deleterious  to  the  teeth  are  at  work,  resulting  in  increased  caries 
incidence. 

The  term  “  eufluorosis ”  is  j)roposed  to  express  optimal  protection  against 
caries,  without  causing  disfiguring  mottling,  and  effecting  maximal  saturation 
of  the  dental  hard  tissues  with  fluorine. 

The  author  wishes  to  express  his  thanks  to  the  Ministry  of  Education  and  to  the 
Hungarian  Academy  of  Sciences,  Medicine  Section,  for  the  grants  in  aid  for  the  field  studies; 
to  Urs.  I.  Sarkany  and  K.  Toth,  assistants  to  the  clinic;  to  M.  Nagy  and  I.  MasAth,  dental 
assistants,  for  collecting  the  data;  to  Dr.  J.  Straub  and  his  associates  for  the  fluorine 
estimations;  and  finally  to  his  wife  (C.  llradecky)  for  her  aid  in  evaluating  the  examination 
cards. 
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THE  RELATIVE  INCIDENCE  OF  CARIES  IN  UPPER  AND  LOWER 
MOLAR  TEETH  OF  ALBINO  RATS  (RATTUS  NORVEGICUS) 

R.  F.  KELLER,  JR.,  11.  R.  HUNT,  AND  C.  A.  HOPPERT 
Mi<'higan  State  College  of  Agriculture  and  Applied  Science,  East  Lansing,  Mich. 

Hunt  and  Hoppert^  ®  have  produced  two  decidedly  different  strains  of  rats. 

one  of  which  is  extremely  su-sceptible  to  dental  caries  in  lower  molar  teeth 
and  the  other  is  very  resistant.  The  differentiation  of  these  strains  was  accom¬ 
plished  hy  phenotypic  selection,  progeny  testing,  close  inbreeding,  and  the  use 
of  a  caries-producing  diet.  Iloppert,  Webber,  and  Canniflf’  *  discovered  that 
a  diet  of  coarsely  ground  hulled  rice,  whole  milk  powder,  alfalfa  leaf  meal,  and 
sodium  chloride  would  produce  dental  caries  in  the  lower  molar  teeth  of  rats. 
This  is  the  ration  used  in  the  production  of  these  two  strains  of  rats.  The  rice 
was  ground  in  a  precision  grinder  set  so  that  ap{)roximately  70  per  cent  (hy 
weight)  would  be  retained  on  a  20  mesh  screen. 

Occasional  fractures  in  the  rats’  teeth  were  believed  to  result  from  the 
rather  large  i)articles  of  rice  in  the  feed.  Hunt  and  HopperU'*  demonstrated 
that  removal  of  the  upper  molars  increased  the  time  reejuired  for  the  develop¬ 
ment  of  caries  in  the  opposing  lower  molars.  Therefore  accidental  breakage  of 
upper  molar  teeth  probably  interfered  with  caries  development  in  the  oppasing 
lower  molai's.  For  this  reason  the  ration  was  modified  by  grinding  the  rice 
finer.  This  modified  ration  had  the  same  ingredients  and  proportions  as  the 
original  ration,  but  the  rice  was  ground  so  that  only  about  2  per  cent  (instead 
of  70  per  cent)  was  retained  on  the  20  mesh  screen.  The  modified  ration  is 
the  one  used  in  the  present  inve.stigation. 

The  present  paper  is  a  report  on  eighty  rats  of  the  resi.stant  strain  and 
thirty-one  from  the  susceptible  strain  which  were  observed  every  two  weeks  for 
dental  caries  or  fractures  in  the  upper  as  well  as  the  lower  molar  teeth.  Previ¬ 
ously,  old  rats,  or  rats  not  considered  useful  for  breeding  purposes,  had  iK'en 
di.scardcd  when  caries  was  noted  in  the  lower  molar  teeth.  Thus  there  was  no 
extensive  knowledge  of  the  condition  of  the  upper  molars.  In  the  present  experi¬ 
ment  all  the  rats  wei'e  kept  under  observation  for  fracturing  or  caries  in  the 
upi)er  molars,  regardless  of  caries  in  the  lower  molars,  from  about  40  days  of  age 
until  the  upper  molars  showed  caries,  or  until  the  animal  died. 

The  “caries  time’’  of  a  rat,  as  the  term  has  been  used  in  ])revious  publi¬ 
cations  of  this  series,  is  the  number  of  days  on  the  caries-producing  ration  re- 
(juired  for  the  appearance  of  a  cavity  in  a  lower  molar  tooth.  The  ration  con¬ 
taining  coarsely  ground  rice  was  given  beginning  when  the  rats  were  3")  days  old. 
Thus  the  caries  time  was  calculated  by  subtracting  thirty-five  days  from  the  age 
at  which  a  rat  first  developed  caries.  After  fine  rice  was  substituted  for  the 
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coarse  in  the  ration,  caries  time  was  still  calculated  by  subtractinf;  thirty-five 
days  from  the  age  at  which  a  cavity  was  observed  in  the  lower  molar  teeth. 
The  caries  time  has  been  calculated  in  the  same  manner  for  the  upper  molar 
teeth  in  this  study. 

OBSERVATIONS 

We  did  not  observe  in  this  investigation  any  cases  of  fracturing  in  the 
upper  or  lower  molar  teeth  of  either  strain  of  rats.  Caries  never  developed 
earlier  in  the  upper  than  in  the  lower  molar  teeth  of  any  rat.  The  incidence 
of  caries  in  the  upper  molar  teeth  was  considerably  less  than  it  was  in  the  lower. 
The  resistant  rats  were  nearly  immune  to  caries  in  the  upper  molars.  Ninety- 
si.x  per  cent  of  the  resistant  rats  (seventy-seven)  did  not  develop  caries  in  the 


Table  I 

iNTinEXCE  OF  Caries  in  the  Upper  and  Lower  Molar  Teeth  of  Rats  From  the 
SrSCEPTIBLE  AND  RESISTANT  STRAINS 


INCIDENCE 

OF  CARIES 

i 

LOWER 

MOLAR  TEETH 

1  UPPER 

MOLAR  TEETH 

1  SEX 

AGE  AT  DEATH 

number 

MEAN  CARIES 

1  NUMBER 

MEAN  CARIES 

(days) 

or  RATS 

TIME 

OF  RATS 

TIME 

1  MALE  1  FEMALE 

SUSCEPTIBLE  SERIES 


Up  to  199  1 

„  1 

'  1 

22.0 

1  1 
6 

nc 

149.0 

5 

2 

200-299 

1 

50.0 

1  i 

nc 

1  ! 

0 

300-399 

5  1 

29.6 

2  i 

nc 

2 

3 

3  I 

354.3 

400-499 

6  ! 

28.0 

4  ! 

nc 

1  5  1 

1 

1 

1  : 

2  ' 

426.0 

1 

500-599 

1  2  1 

34.0 

2 

1  nc 

1  O 

0 

600-699 

7 

26.4 

5 

nc 

1  ^ 

1  2 

1  2 

647.0 

1 

1 

700-799 

3 

34.3 

1  3 

nc 

i  2 

1  1 

Total 

31 

28.6 

!  18 

nc 

j  22 

1  ^ 

i  13 

315.6 

RESISTANT  SERIES 


Up  to  199 

1  i 

nc 

1 

nc 

2 

1 

1  1 

158.0 

1 

175.0 

0  j 

200-299 

1  1 

nc 

2 

nc  1 

0  1 

O 

1  1 

177.0 

nc  1 

300-399 

1 

nc 

1 

1 

0 

400-499 

2  i 

166.5 

1 

nc  1 

1  ; 

1 

i 

1 

401.0  1 

500-599 

2  ! 

nc 

9 

nc  i 

4 

5 

7 

341.9 

!  1 

600-699 

3  i 

nc 

11 

nc 

1  6 

5 

8 

406.4 

700-799 

1 

nc 

28 

nc 

20 

9 

387.6 

1 

741.0 

800-899 

1  2 

nc 

10 

nc 

3 

7 

8 

460.5 

Over  900 

1  1 

nc 

14 

nc 

8 

6 

13 

492.2 

i 

Total 

1  ^2 

1  nc 

77 

1  nc 

•  43 

37 

!  68 

;  400.0 

i  3 

439.0 

nc.  No  caries  at  death. 
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upper  molar  teeth  at  all.  In  the  susceptible  strain,  42  per  cent  (thirteen  rats) 
developed  caries  in  the  upper  molars  before  they  died  or  were  destroyed.  Caries 
had  developed  in  the  lower  molars  of  all  the  susceptibles. 

Table  I  shows  the  sex,  number  of  rats,  and  the  caries  times  (for  lower  and 
upper  molar  teeth),  or  ages  at  death,  for  the  rats  of  the  susceptible  and  resistant 
strains. 


CON  Cl.r  SIGNS 

The  earlier  ration  contained  ground  rice  in  which  about  70  per  cent  of  the 
particles  were  retained  on  a  20  mesh  screen.  This  “coarse”  diet  caused  fractur¬ 
ing  of  the  upper  molars,  which  in  turn  delayed  caries  in  the  corresponding  lower 
molars.  The  observations  in  this  study  show  that  the  rice  component  in  a  ration 
which  contains  only  about  2  per  cent  by  weight  of  particles  of  this  size  does  not 
cause  fracture  of  the  upper  molai-s  and  therefore  does  not  interfere  with  caries 
of  the  lower  teeth. 

The  observations  show  that  the  upper  molar  teeth  of  these  susceptible  and 
resistant  rats  have  a  lower  incidence  of  caries  than  the  lower  molars  of  the 
same  animals.  Perhaps  there  is  some  characteristic  of  the  upper  teeth,  not 
found  at  all  or  at  least  to  the  same  degree  in  the  lowers,  which  inhibits  or  delays 
caries.  Or  perhaps  the  position  of  the  upper  molars  is  the  important  factor.  "VVe 
are  now  searching  for  this  critical  difference. 
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AMMONIA  PRODUCTION  IN  SALIVA 

R.  M.  BALLANTYNE,  M.A.,  C.  T.  CLEGG,  PHM.B.,  J,  J.  RAE,  PH.D.,  AND 
F.  H.  LAWFORD,  PH.D. 

Chemistry  Department,  University  of  Toronto,  and  the  Consumers  Research 
Laboratories  Lid.,  Toronto,  Canada 

IN  RECENT  yeai-s  the  nitrogen-containing  constituents  of  saliva,  particularly 
ammonia  and  urea,  have  been  the  subject  of  a  series  of  papers.  In  1934, 
Grove  and  Grove^  observed  that  there  was  more  ammonia  in  saliva  from  caries- 
immune  persons  than  in  the  saliva  from  caries-susceptible  persons.  However, 
several  others^*®  were  unable  to  substantiate  these  observations.  In  1943, 
Stephan*  reported  that  he  was  able  to  prevent  the  lowering  of  pH  of  dental 
plaques  in  the  presence  of  carbohydrate  by  the  topical  application  of  urea. 

Kesel  and  associates'  reported  that  the  filtrates  from  culture  broths,  eight 
days  after  inoculation  with  salivas  from  caries-free  individuals,  had  an  in- 
hibitor\’  effect  on  the  growth  of  Lactobacillus  acidophilus,  while  analogous  fil¬ 
trates  from  caries-active  individuals  had  no  such  effect.  He  also  observed  that 
any  saliva  to  which  had  been  added  the  broth  culture  filtrate  from  caries-immune 
saliva  did  not  change  in  pH  over  forty-eight  hours,  whereas  salivas  containing 
the  caries-active  filtrate  dropped  to  pH  4.2  in  forty-eight  hours.  All  filtrates 
were  examined  for  their  ammonia  content  and  it  was  found  that  noninhibitory 
filtrates  contained  little  or  no  ammonia,  while  inhibitory  filtrates  contained  at 
least  0.5  mg.  ammonia  nitrogen  per  milliliter. 

In  1946,  Cary*  published  an  extensive  report  dealing  with  the  presence  and 
production  of  ammonia  in  saliva.  He  concluded  that  the  salivary  glands  have 
neither  excretory  nor  secretory  function  in  the  formation  of  ammonia  and  that 
salivary  ammonia  must  be  attributed  to  the  presence  of  bacteria.  He  examined 
the  nitrogenous  constituents  of  saliva,  measured  the  ammonia  evolved,  and  con¬ 
cluded  that  most  of  the  nitrogenous  materials  were  converted  to  ammonia  in 
twenty-four  hours.  This  was  not  evident  in  all  instances,  but  it  was  true  that 
the  amount  of  ammonia  evolved  reached  a  maximum  in  twenty-four  hours. 

In  order  to  ascertain  whether  there  is  a  relationship  betw'een  the  production 
of  ammonia  in  saliva  and  caries-activity,  it  was  considered  essential  to  exam¬ 
ine  a  large  number  of  salivas  collected  under  uniform  conditions.  This  was  im- 
l)ossible  because  the  University  of  Toronto  dental  clinic  was  not  open  during 
the  summer  months,  and  so  of  necessity  this  paper  is  merely  a  preliminary  re¬ 
port  of  some  of  our  observations  on  the  characteristics  of  the  ammonia-producing 
mechanism. 

EXPERIMENTAL 

The  salivas  studied  in  this  investigation  were  all  paraffin-stimulated  and 
collected  about  two  hours  after  meals.  The  ammonia  content  was  determined  by 
the  Folin-Bell  permutit  method,®  and  the  color  developed  was  measured  in  a 
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Lumetron  colorimeter.  Despite  the  limited  number  of  salivas  studied,  in  time 
all  produced  ammonia  at  room  temperature,  and  the  amount  of  ammonia  pro¬ 
duced  showed  no  direct  relation  to  the  lactobacillus  count  of  the  salivas.  The 
results  are  shown  in  Table  I. 


T.\ble  I 

The  Relation'  Between*  Ammonia  Production  and  Lactobacillus  Counts 


LACTOBACILLUS  COUNT  | 

MG.  % 

NHj-N  AFTER  24 

HR.  AT  ROOM 

TEMPERATURE 

Over  50,000 

32.8 

29.5 

28.3 

20.0 

Less  than  1,000 

37.3 

45.3 

33.4 

31.4 

Cary®  found  that  stimulated  saliva  produced  more  NH,  after  incubation  for 
one  hour  than  did  unstimulated  saliva.  We  repeated  his  work,  measuring  the 
amount  of  ammonia  produced  in  four,  twenty-four,  and  forty-eight  hours  and 
found  no  difference  between  stimulated  and  unstimulated  salivas.  We  did  find, 
however,  that  the  maximum  amount  of  NH3  is  produced  in  twenty- four  to  forty- 
eight  hours  at  37°  C.  The  results  are  shown  in  Table  II. 


Table  n 

Effect  of  Stimulation  of  Sauva  on  Ammonia  Production 


MG.  % 

NH,-N  PRODUCED 

0  HR. 

1  4  HR. 

1  24  HR.  1 

48  HR. 

Stimulated 

2.4 

9.5 

26.7 

29.1 

Unstimulated 

3.6 

9.5 

31.5 

31.5 

Several  substances  were  found  to  inhibit  the  production  of  ammonia  in 
saliva.  The  effect  of  the  addition  of  sodium  fluoride  to  saliva  in  concentration 
varying  from  1  to  10,000  ppm  was  observed.  It  was  found  that  1,200  ppm  of 
sodium  fluoride  partially  inhibited  ammonia  production,  and  that  2,500  ppm 
completely  inhibited  ammonia  production.  Glucose,  when  added  in  concentra¬ 
tions  of  2.5  per  cent  (final  volume),  was  found  to  inhibit  ammonia  production. 
This  effect  was  probably  due  to  a  lowered  pH. 

In  the  presence  of  Veronal-acetate  buffers  to  maintain  the  saliva  at  various 
pH ’s  from  7.0  to  9.5,  the  maximum  amount  of  ammonia  was  produced  at  pH  8.5. 

Saliva  stored  for  twenty-four  houi-s  at  6°  C.  and  at  16°  C.  produced  no 
ammonia,  but  when  the  same  saliva  was  incubated  at  37°  C.,  the  same  amount 
of  ammonia  was  produced  as  in  the  control  samples.  Saliva  stored  for  twenty- 
four  hours  at  50°  C.  and  70°  C.  also  produced  no  ammonia  and  on  return  to 
room  temperature  showed  that  the  ammonia-producing  mechanism  was  destroyed. 


Table  III 

The  Effect  of  Glucose  and  Urea  on  Ammonia  Production 


NO. 

SALIVA  j 

fML.) 

20%  GLU¬ 
COSE 
(ML.) 

1  1 

!  3%  UREA 
(ML.) 

WATER 

(ML.) 

MG.  %  NH,-N 
SALIVA  1  1 

in  24  HR. 

SALIVA  2 

1 

3 

- 

- 

5 

32 

18 

2 

3 

1 

- 

4 

16 

14 

3 

O 

- 

4 

1 

1.35 

176 

4 

3 

1 

4 

- 

267 

483 
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The  addition  of  3  per  cent  urea  to  saliva  caused  an  increase  in  the  ammonia 
produced,  indicating  the  presence  of  a  urease  in  the  saliva.  However,  it  was 
noted  that  the  addition  of  glucose  to  the  saliva-urea  mixture  resulted  in  a  two¬ 
fold  increase  in  the  amount  of  ammonia  produced  as  is  showm  in  Table  III. 

In  an  attempt  to  determine  whether  urease  (including  the  urease  in  saliva) 
could  be  stimulated  by  glucose,  pure  urease  was  extracted  from  jack  bean  meal. 
Glucose  was  found  to  have  no  effect  upon  the  urease  activity  of  the  Jack  bean 
extract. 

The  ability  of  the  saliva  to  produce  ammonia  was  completely  inhibited  by 
filtering  through  a  fine  fritted-glass  funnel  or  through  a  Seitz  filter.  This  sug¬ 
gests,  in  agreement  with  Kesel^  and  Cary,'’  that  bacteria  may  be  responsible  for 
ammonia  production  in  saliva.  Centrifuging  reduced  the  amount  of  ammonia 
produced,  and  it  was  found  that  when  protein  determinations  were  made  using 
a  micro-Kjeldahl  procedure,  the  reduction  in  NH3-N  was  equivalent  to  the 
amount  of  protein  nitrogen  removed  by  centrifuging. 

SUMM.\BY 

1.  An  ammonia-producing  mechanism  has  been  obsened  in  saliva  which 
produces  five  to  ten  times  the  amount  of  ammonia  originally  present,  on  incu¬ 
bation  at  37°  C.  for  twenty-four  hours. 

2.  The  amount  of  ammonia  produced  is  the  same  when  stimulated  and  un¬ 
stimulated  saliva  is  used. 

3.  Sodium  fluoride  and  glucose  were  found  to  have  an  inhibiting  effect  on 
ammonia  production. 

4.  Heating  to  50°  C.  for  twenty-four  hours  irreversibly  inactivates  the  am¬ 
monia-producing  mechanism. 

5.  Urea  added  to  saliva  increases  the  ammonia  production,  indicating  the 
presence  of  a  urease  in  saliva.  When  both  glucose  and  urea  are  added  they  stim¬ 
ulate  the  production  of  ammonia  beyond  the  amount  produced  when  urea 
alone  is  added.  There  wms  no  indication  that  glucose  increases  the  urea.se  ac¬ 
tivity  of  jack  bean  meal. 

6.  Centrifuging  partially  removes  the  protein  which  is  the  probable  sub¬ 
strate  of  the  ammonia-producing  mechanism  in  saliva. 

7.  The  ammonia-producing  mechanism  is  removed  by  filtering  the  .saliva 
through  a  Seitz  filter  or  a  fritted-glass  funnel. 
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DETERMINATION  OF  UREA  AND  AMMONIUM  SALTS  IN 
AMMONIATED  DENTIFRICES 

W.  A.  MORGAN,  M.S.,  AND  T.  O.  NORRIS,  M.S.* 

Wilmington,  Del. 

INTRODUCTION 

ECENT  developments  indicate  that  urea  (carbamide)  when  used  as  a 
dentifrice  ingredient  has  a  beneficial  effect  in  the  prevention  of  dental 
caries.  Several  such  dentifrices  are  on  the  market  today.  They  contain  urea 
in  various  amounts  and  some  also  contain  dibasic  ammonium  phosphate.^ 

Methods  are  presented  for  the  determination  of  urea  and  of  this  am¬ 
monium  salt  in  such  dentifrices.  Urea  is  determined  by  the  urease  method. 
The  enzyme,  urease,  converts  urea  to  ammonium  carbonate.  The  ammonia  thus 
formed  can  be  determined  readily  by  titration  with  acid.  Dibasic  ammonium 
phosphate  is  determined  by  steam  distillation  of  the  ammonia  from  a  dis¬ 
persion  of  the  original  sample  in  water,  buffered  at  pH  7.4.  Analytic  results 
obtained  on  a  series  of  dentifrices  without  and  with  added  urea  are  presented 
in  Table  I. 

A.  DETERMINATION  OF  UREA®  IN  DENTIFRICE.S 

Reagents. — Reagent  grade  chemicals  are  used. 

Hydrochloric  acid  solution,  O.IN;  3N. 

Sodium  hydroxide  solution,  O.IN. 

Methyl  red  indicator,  1  per  cent,  in  95  per  cent  alcohol. 

Caprylic  alcohol. 

Neutral  urease  solution,  1  per  cent,  aqueous,  prepared  from  urease  powder, 
Arlco.t  To  determine  the  exact  amount  of  acid  required  to  neutralize  the 
solution,  dilute  10  ml.  with  50  ml.  water,  add  methyl  red  indicator  and  neu¬ 
tralize  with  O.IN  hydrochloric  acid.  Add  the  calculated  amount  of  O.IN  acid 
to  the  remainder  of  the  1  per  cent  solution  to  make  exactly  neutral  to  methyl 
red.  One  hundred  milliliters  of  1  per  cent  urease  solution  usually  require 
aViout  7  ml.  of  O.IN  acid. 

Procedure. — Weigh  a  sample  containing  up  to  1  Om.  of  urea  into  a  beaker. 
For  example,  10  to  20  Gm.  may  be  used  of  samples  containing  5  per  cent  urea. 
Add  75  ml.  water  and  3  filtration  accelerators  (Fisher,  Analytical,  9-906). 
Stir  well  to  dis.solve  urea,  then  filter  with  suction  through  a  Buchner  funnel 
fitted  with  a  5.5  cm.  Whatman  No.  5  paper.  Wash  with  water  to  remove  all 
urea  from  the  residue  on  the  filter.  Transfer  filtrate  to  a  250  ml.  volumetric 
flask  and  make  to  volume  with  water,  using  a  little  caprylic  alcohol  to  break 
any  foam. 
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Determination 

Table  I 

OF  Urea  in  Dentifrices  by  the 

Urease  Method 

SAMPLE 

1  I  REA  FOUND 

1  (%)  i 

ADDED  urea*  RECOVERED 
(%) 

1 

12.65 

99.5 

Paste 

12.75 

99.7 

2 

5.00 

99.5 

Powder 

3.10 

100.0 

.•{ 

4.70 

98.4 

Paste 

4.70 

99.0 

4.70} 

4.70 

4 

3.20 

100.0 

Powder 

3.10 

100.0 

3.15} 

3.20 

5 

0.0 

99.3 

Powder 

0.0 

99.3 

6 

0.0 

99.6 

Paste 

0.0 

100.6 

7 

0.0 

98.7 

Powder 

0.0 

99.3 

8 

0.0 

98.7 

Powder 

0.0 

98.7 

9 

21.9 

99.5 

Powder 

21.9 

lot 

5.00 

Powder 

5.00 

5.00} 

5.05 

11 

99.6 

Urea 

99.3 

•100  mg.  urea  added  to  an  aliquot  of  the  sample  extract. 

tI.<ab<^atory  sample;  90  per  cent  CaCOa,  5  per  cent  CO(NHs)j(urea).  5  per  cent 
<NH4)j  HPOi. 

t  Extract  prepared  by  centrifuging  instead  of  Altering. 

For  those  samples  that  filter  very  slowly,  the  dispersion  may  be  centri- 
fiig:ed  five  minutes  at  2,500  to  3,000  r.p.m.  Decant  the  clear  solution  into  the 
volumetric  fiask.  Stir  the  residue  wdth  20  ml.  water  and  centrifuge  for  3  min¬ 
utes.  Decant  the  clear  solution  again  into  the  volumetric  flask.  Repeat  the 
last  step  three  times  and  finally  make  the  extract  to  volume  with  water  and 
mix. 

Pijiette  duplicate  50  ml.  aliquots  into  a  250  ml.  Erlenmeyer  flask,  add 
methyl  red  indicator,  and  make  slightly  acid  with  3X  hydrochloric  acid  added 
dropwise.  Pass  carbon  dioxide-free  air  through  the  solution  for  about  seven 
minutes  to  remove  carbon  dioxide.  If  necessary,  add  a  few  drops  of  caprylic 
alcohol  to  prevent  foaming.  Add  0.1  N  sodium  hydroxide  to  the  solution  just 
to  the  yellow  color  of  the  indicator,  keeping  the  volume  of  the  solution  small. 
To  the  neutral  solution  add  20  ml.  of  urease  reagent;  stopper  the  flask  and  let 
stand  for  30  minutes  at  about  30°  C.  Then  titrate  the  solution  with  O.IN 
hydrochloric  acid,  using  about  5  ml.  excess  past  the  pink  color.  Record  the 
exact  amount  of  acid  added.  Aerate  again  for  seven  minutes,  then  titrate 
with  O.IN  sodium  hydroxide  just  to  the  yellow  color.  Deduct  the  amount  used 
from  the  acid  added.  The  acid  used  up  is  a  direct  measure  of  urea  present  in 
the  aliquot.  One  milliliter  of  exactly  O.IN  acid  is  equivalent  to  3  mg.  of  urea. 
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DISCUSSION 

Data  in  Table  I  show  satisfactory  results  for  urea  by  this  procedure.  Re¬ 
covery  of  known  amounts  of  added  urea  indicates  absence  of  interference  in  the 
samples  tested.  Preparation  of  the  solution  by  filtration  or  centrifuging  re¬ 
moves  ealeium  carbonate  and  triealeium  phosphate  if  present. 

Interfering  Substances. — 

Soluble  ealeium  salts  partially  inhibit  the  action  of  urease.  Soluble  phos¬ 
phates  might  interfere  in  the  procedure.  Therefore  urea  was  determined  also 
in  the  samples  in  Table  1  by  a  procedure  which  would  remove  soluble  phos¬ 
phates  and  ealeium.  The  former  was  precipitated  by  saturated  barium 
hydroxide,  and  the  latter  by  10  per  cent  sodium  carbonate  solutions,  added  to 
the  aqueous  extract  before  making  to  volume.  Aliquots  of  the  filtered  .solu¬ 
tion  were  analyzed  for  urea.  The  results  agreed  well  with  those  in  Table  I, 
showing  the  absence  of  interference  in  the  analysis  of  these  samples. 

Interference  of  Boric  Acid. — 

The  effect  of  boric  acid,  a  po.ssible  ingredient  of  dentifrices,  was  investi¬ 
gated.  Boric  acid  inhibited  the  action  of  urease  as  shown  : 


H,BOj  ADDED  TO  THE 

UREA  FOUND 

SAMPLE 

AQrEor.s  e.xtract  (%) 

(7e) 

No.  11  (Table  I) 

0.1 

.30. .5 

(Urea  0.2  Gm.) 

0.2 

23 

0.4 

14 

No.  10  (Table  I) 

0.2 

1.4 

(5%  urea) 

0.4 

0.8 

Qualitative  Tests. — 

Detection  of  Trea:  Often  it  may  be  desirable  to  have  a  simple  test  for 
urea.  A  convenient  test  paper®  was  prepared  by  imjiregnating  strips  of  filter 
paper  with  urease  and  the  acid-base  indicator,  bromthymol  blue.^  A  concen¬ 
tration  of  0.2  ])er  cent  urea  in  the  aqueous  extract  colored  the  test  paper  blue 
in  a  few  minutes.  The  test  was  made  by  placing  a  drop  or  two  of  the  extract 
on  the  iiajier.  Auxiliary  paper  treated  with  indicator  alone  was  used  to  thst 
for  original  alkalinity.  If  necessary,  the  extract  was  made  neutral  to  methyl 
red  before  testing  for  urea. 

Detection  of  Boric  Acid  and  Perborate  by  Quinalizarin  ( 1,2,5,8-Tetrahy- 
droxy  Anthracpiinone )* : 

Reagent.  Dis.solve  5  mg.  quinalizarin  in  1  liter  of  concentrated  sulfuric 
acid  (95.5  per  cent  j. 

Test.  Add  5  nd.  reagent  to  0.5  ml.  of  the  aqueous  extract.  A  blue  color 
develops  at  once  if  Imric  acid  or  sodium  perborate  is  present  in  a  conc*entration 
of  0.2  per  cent  of  the  e.xtract.  Xone  of  the  dentifrices  in  Table  I  gave  a  positive 
test  until  boric  acid  was  added  to  the  extracts. 

B.  DKTKKMINATION  OF  AMMO.MUM  FIIOSI'HATE 

Reagents. — Buffer  solution"’^;  14.3  fJm.  KlI^I^O^,  anhydrous,  91.0  Om. 
K;jin*04,  anhydrous,  dis.solved  in  1  liter  of  water.  The  solution  should  have  a 
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pH  of  7.4  to  7.5.  Defoaniing  solution*:  dis-solve  50  (Jni.  of  diglyeol  stearate  in 
375  ml.  of  alcohol,  375  ml.  of  benzene,  and  250  ml.  of  dibutylphthalate,  with 
warming  if  necessary. 

Procedure. — Transfer  a  sample  containing  0.2  Hm.  of  (Nn4)2HP04  to  an 
HOO  ml.  Kjeldahl  flask.  Add  250  ml.  of  water  and  30  ml.  of  bulTer  solution. 
Use  5  ml.  of  defoaming  solution  if  necessary.  Distill  180  ml.  into  standard 
O.IN  hydrochloric  acid  using  a  conventional  Kjeldahl  spray  trap.  Titrate  ex¬ 
cess  acid  with  O.IN  sodium  hydroxide  to  the  methyl  red  end  point.  Calculate 
ammonia  from  net  milliliters  of  acid.  One  milliliter  of  O.IN  hydrochloric 
aci<l  equals  1.7034  mg.  NH.,,  or  (5.6055  mg.  (NIl4)2lIP()4. 

A  sample  of  chemically  pure  dibasic  ammonium  phosphate  was  analyzed 
by  this  ])rocedure.  A  value  of  99.0  i)er  cent  of  theory  was  obtained. 

To  determine  the  decomi)osition  of  urea  during  di.stillation  of  the  am¬ 
monia  by  this  procedure,  the  ipixtures  shown  in  Table  II  were  distilled. 


TABf.E  II 

I)lSTIU,ATION  OK  A  MlXTl’RF.  OF  DiBA.SIC  AMMONII'M  PHOSPHATE  AND  UREA  WITH  PHOSPHATE 

Buffer  of  pH  7.4 


(NH,),HP04* 

(MG.) 

1  I'REA  (MG.) 

1  RATIO  1 

1  (NH4)iHP04/UREA  1 

FINAL  pH 

1  UREA  DECOMPOSEDt 
(%) 

200 

20 

10/1 

7.05 

3.6 

200 

40 

5/1 

7.05 

4.1 

200 

200 

1/1 

7.05 

4.6 

Blank 

— 

7.4 

— 

•99  per  cent  pure  by  distillation  of  ammonia  with  buffer  solution. 


tCalculated  from  increase  In  ammonia  found  over  ammonia  from  (NH»)jHP04. 

The  data  show  that  a  small  amount  of  urea  was  decomposed  in  the  dis¬ 
tillation  with  hulTer,  amounting  to  3.6  per  cent  to  4.6  per  cent  of  the  urea 
present.  In  calculating  diammonium  phosphate  in  a  dentifrice  of  known  urea 
content,  a  correction  can  he  applied  to  the  total  ammonia  recovered. 

SUMMARY  .\\D  conclusions 

An  adaptation  of  the  urease  method  is  described  for  the  determination  of 
urea  in  dentifrices. 

One  experimental  and  several  commercial  dentifrices  were  analyzed  for 
urea.  Known  amounts  of  added  urea  were  recovered. 

Treatment  of  the  aqueous  extracts  of  the  samples  studied,  for  removal  of 
pho.sphate  prior  to  reacting  with  urease,  was  show'n  to  be  unnecessary.  Boric 
acid  must  be  absent. 

Simple  qualitative  tests  are  described  for  urea  and  boric  acid. 

A  distillation  procedure  is  given  for  the  estimation  of  dibasic  ammonium 
phosjihate  from  the  ammonia  recovered.  The  decomposition  of  urea  in  the  dis¬ 
tillation  is  shown  to  he  small. 

REFERK.VCES 

1.  J.  A.  D.  A.  36:  .'504,  1948;  37:  TO."),  1948;  38:  642,  1949. 

2.  Berger,  K.  C.,  and  Truog,  K.:  Boron  Deterinination  in  Soils  and  Plants,  Inilust.  4’  Kayia. 

Chtm.  Anal.  Kd.  11:  .IB),  1939. 


<109  MORGAN  AND  NORRIS 

June,  1951 

3.  Cook,  J.  M'. :  Test  Paper  of  Urease  and  Acid-Base  Indicator  for  Detection  of  Urea,  .7. 

Assoc.  Official  Agr.  Chcm.  31:  797,  1948. 

4.  Defoaminp  Solution,  Assoc.  Official  Agr.  Cliem.,  OflScial  and  Tenlative  Methods  of  An¬ 

alysis,  ed.  6,  1945,  p.  407. 

5.  Fox,  E.  J.,  and  Geldard,  W.  J.:  The  Determination  of  Urea  Alone  and  in  the  Presence 

of  Cyanamide  by  Means  of  Urease,  Indust.  4'  Engin.  Chcm.  15:  743,  1923. 

6.  Nichols,  M.  S.,  and  Foote,  M.  E.:  Distillation  of  Free  Ammonia  Nitrogen  From  Buf¬ 

fered  Solutions,  Indust.  4'  Engin.  Chem.,  Anal.  Ed.  3:  311,  1931. 

7.  Shrikhande,  J.  G.:  Determination  of  Ammoniacal  and  Nitrate  Nitrogen  in  Decomposed 

Plant  Material,  Indust.  4'  Engin.  Chem.,  Anal.  Ed.  13:  187,  1941. 


AMMONIATEI)  DENTIFRICES  AND  HAMSTER  CARIES 

II.  The  Effectiveness  of  Brushing  the  Teeth  With  a  Control  and  an 
Ammoniated  Dentifrice 
1).  H.  CHEKNAUSEK  AND  DAVID  F.  MITCHELL 
Vniversity  of  Minnesota,  School  of  Dentistry,  Minneapolis,  Minn. 

KESEL®  and  Henschel  and  Lieber*  have  reported  that  the  incidence  of  dental 
caries  may  be  reduced  hy  the  use  of  ammoniated  dentifrices.  Fosdick*  has 
tendered  evidence  that  brushing  the  teeth  immediately  after  eating  (or  rinsing 
the  mouth  if  brushing  is  not  feasible)  materially  reduces  the  formation  of  new 
carious  lesions.  Other  toothbrushing  studies  have  been  conducted  on  a  ver\’ 
limited  scale  and  have  produced  inconclusive  results.  The  brushing  of  teeth  in 
rodents  has  been  studied  by  McClendon  and  Foster,’®  Lazansky,®  and  Zander 
and  Bibby.’®  These  studies  seemed  to  indicate  that  this  approach  to  the  caries 
problem  contains  certain  aspects  of  considerable  merit. 

McClure”  has  reported  that  the  ingestion  of  urea  may  inhibit  rat  caries  to 
a  limited  extent.  An  apparent  inhibition  of  dental  caries  in  the  hamster  as¬ 
sociated  with  the  ingestion  of  dibasic  ammonium  phosphate  and  urea  was  noted 
by  the  authors.®  Keyes®  has  reported  that  the  weekly  application  of  a  50  per 
cent  urea  solution  did  not  reduce  the  caries  incidence  in  hamsters. 

As  this  experiment  was  designed  to  see  if  ammoniated  compounds  could  re¬ 
duce  the  incidence  of  caries  in  the  hamster,  the  following  variable  factors  were 
considered:  (1)  the  effect  of  tooth  brushing  per  se  on  dental  caries,  (2)  the 
effect  of  an  ammoniated  dentifrice  on  dental  caries,  (3)  the  variability  of  sus¬ 
ceptibility  to  dental  caries  in  regard  to  sex  and  individuals. 

METHODS 

Although  this  paper  primarily  concerns  itself  with  the  effects  of  brushing 
the  teeth,  it  should  be  noted  that  the  ingestion  study®  concerned  animals  and 
littermate  groupings,  paralleling  and  integrated  with  the  toothbrushing  study. 

The  hamsters  used  were  from  an  inbred  colony.  They  were  weaned  at  21 
days  of  age  and  maintained  on  a  diet  of  Purina  fox  chow,  with  a  weekly  supple¬ 
ment  of  fresh  carrots  and  hamburger  meat,  until  they  were  approximately  30 
days  of  age.  The  animals  were  separated  into  the  experimental  groups  by  sex 
and  littermates.  They  were  then  fed  a  caries-producing  diet*  ad  libitum,  for 
100  days,  after  which  they  were  sacrificed,  and  the  extent  of  caries  was  scored 
and  recorded  by  the  method  of  Keyes.®  The  ingestion  group  received  the  same 
diet  plus  dibasic  ammonium  phosphate  1  per  cent  and  urea  0.6  per  cent — the 
ratio  commonly  found  in  ammoniated  dentifrices.  This  level  was  found  to  be 
relatively  nontoxic  by  a  pilot  study. 

This  work  was  supported  in  jmrt  by  a  K^ant  from  the  (Iruduate  School,  l^nlversity  of 
Minnesota. 

Received  for  pubiication,  Jan.  5,  1951. 

•Whole  wheat  flour.  30  per  cent:  corn  starch.  20  per  cent:  confectioners’  su{;ar,  15  per 
cent:  whole  powdered  milk,  30  per  cent;  alfalfa,  4  per  cent;  and  sodium  chloride,  1  per  cent. 
This  contained  6  ppm  of  F  by  analysis. 
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The  following  groups  were  established:  Group  I,  control,  14  9  and  14  cf  ; 
Group  II,  brushing  control,  13  9  and  14  cT  ;  Group  III,  experimental  brushing, 
12  9  and  11  c?  ;  and  Group  IV,  ingestion,  13  9  and  12  cT.  Efforts  were  made 
to  avoid  any  bias  resulting  from  the  brushing  by  controlling  the  dentifrice  in¬ 
gredients,*  by  using  newly  trimmed  mascara  brushes  at  frequent  intervals,  and 
by  varying  the  order  in  which  the  animals  were  subjected  to  brushing  from  day 
to  day.  Urea,  3  per  cent,  and  dibasic  ammonium  phosphate,  5  per  cent,®  were 
incorporated  into  the  experimental  dentifrice  (Group  III).  The  hamsters’ 
molars  were  brushed  once  daily,  usually  in  the  morning,  for  approximately  one 
minute. 


- -  0  EXKRIMCNTM.  DAYS 

_  100  tXPCimKtITXL  0*Y* 

MEAN  WOWTt  HNS) 

Fig.  1. — Terminal  weights  of  combined  groups. 

After  100  days  the  animals  were  sacrificed  and  a  portion  of  the  liver,  one 
kidney,  and  the  distal  end  of  one  femur  were  removed  for  histologic  examination 
from  a  representative  animal  of  each  group  and  sex.  The  jaws  were  scored 
without  knowledge  of  the  sex  or  group  of  which  the  animals  were  members. 

The  caries  scores  were  subjected  to  significance  tests.  The  littermates  were 
tested  by  the  difference  of  scores  betw^een  paired  animals.  The  other  groups 

were  tested  by  the  usual  .significance  test  for  the  difference  betw’een  two  means. 

These  significance  tests  presuppose  a  normal  distribution  of  .scores,  so  in  view 
of  the  large  .standard  deviation  it  is  desirable  to  use  other  criteria  in  determining 
the  final  conclusion. 

The  third  variable  (susceptibility  in  regard  to  sex  and  individuals)  is  a 
broad  field  which  requires  considerably  more  investigation.  However,  because 
of  the  importance  of  this  factor,  the  animals  were  grouped  according  to  sex- 
littermates  wherever  possible. 

•FIxperimental  dentifrice:  caicium  carbonate,  4.30;  bentonite,  25;  Duponol,  5:  (liba.sic 
ammonium  phosphate,  25;  and  urea,  15.  Control  dentifrice;  same,  exciuding  last  two  in¬ 
gredients. 
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RESULTS 


The  mean  terminal  weights  of  the  four  major  groups  of  the  experiment  are 
compared  in  Fig.  1.  Groups  III  and  IV  (which  received  ammoniated  com¬ 
pounds)  appear  to  have  had  their  mean  weights  somewhat  depressed,  but  not 
to  a  very  striking  degree.  The  littermate  groupings  showed  essentially  the  same 
condition. 

Table  I  illustrates  an  attempt  to  evaluate  the  sex  factor.  In  all  groups 
te.sted,  the  males  had  higher  mean  caries  scores,  but  again,  because  of  the  ex¬ 
treme  variation  within  the  groups  and  the  number  of  animals  used,  a  significant 
difference  (at  the  0.01  level)  was  not  obtained.  When  only  the  littermates  are 
considered,  no  significant  difference  is  shown  at  the  0.01  level  with  any  com¬ 
parison. 

Table  I 

Cakies  Scores;  Comparison  Between  Sexes 


GROUPS 

TESTED 

NUMBER  OF 

ANIMALS 

(N) 

MEAN  CARIES 

SCORE 

(*) 

standard 

DEVIATION 

(Sj 

t* 

P 

9 

52 

9.47 

24.57 

-1.58 

0.115 

« 

51 

33.58 

58.87 

9  Gl 

14 

26.39 

39.98 

-1.30 

0.205 

$  Gl 

14 

57.52 

76.33 

9  G2 

13 

2.75 

4.13 

-1.64 

0.114 

«  G2 

14 

36.29 

70.89 

9  G3 

12 

5.21 

15.50 

-2.34 

0.030 

$  G3 

11 

25.36 

23.53 

9  G4 

13 

1.88 

5.21 

-1.63 

0.117 

$  G4 

12 

10.02 

16.36 

Littermates 

9 

28 

12.10 

29.05 

-1.92 

0.053 

« 

36 

.34.63 

55.55 

-  -  where  SE;-;  =  + 

\  N,  N, 

where  a’  =  +  JV,  -  2 


Table  II 


Caries  Scores;  Comparison  Between  Control  and  Brcshing  Control  Grocps 


GROUPS 

TESTED 

N 

X 

Sx 

t* 

P 

9  Gl 

14 

26.39 

39.98 

2.04 

0.052 

9  G2 

13 

2.75 

4.13 

3  Gl 

14 

57.52 

76.33 

0.73 

0.472 

3  G2 

14 

36.29 

70.89 

9  3  Gl 

28 

41.96 

62.88 

1.36 

0.175 

9  3  G2 

27 

20.14 

53.80 

d 

Sd 

tt 

Littermates 

9  Gl 

7 

35.00 

46.93 

1.83 

0.117 

9  G2 

3  Gl 

9 

54.14 

95.82 

1.60 

0.148 

3  G2 

9  3  Gl 

9  3  G2 

16 

45.77 

78.85 

2.25 

0.040 

d  =  Score  difference  of  littermates. 
•See  Table  I,  footnote*. 


d 

tt  =  w _ 

VJV  -  1 


1 
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The  eflFect  of  tootlibrushing  per  se  is  considered  in  Ta])le  II.  It  seems  as 
thou^li  a  reduction  lias  occurred  hy  toothbrushing  alone,  but  not  at  the  0.01 
level.  Similarly,  brushing  with  the  ammoniated  dentifrice  showed  a  reduction 
of  about  the  same  magnitude  (Table  III).  When  the  two  brushing  groups  were 
compared  (Table  IV),  there  seemed  to  be  no  difference  between  them.  Since 

Tabi.k  hi 


CARIE.S  SaiREs;  Compari.S().\  Between  Ccixtroi,  ani»  E.xperimextai.  Hri  shixc  Groi  i’S 


GROrP.S 

TE.STED 

X 

X 

t* 

P 

9  G1 

14 

26.39 

.39.98 

1.66 

0.110 

9  G3 

12 

.5.21 

15.50 

5  CtI 

14 

57.52 

76.33 

1.29 

0.210 

S  0.3 

11 

2.5.36 

2.3.53 

9  $  01 

28 

41.96 

62.88 

1.93 

0.053 

9  5  03 

23 

14.85 

22.17 

d 

s., 

tt 

* 

Littermates 

9  01 

7 

39.1 1 

46.97 

2.04 

0.087 

9  03 

S  01 

9 

46.36 

78..34 

1.67 

0.1.34 

S  03 

9  i  01 

16 

4.3.19 

66.56 

2.51 

0.025 

9  S  03 

•See  Table  I,  footnote.* 
tSee  Table  II,  footnote!. 


Tabi.E  IV 

Caries  Scores;  Comparison  Between  Brcsiiino  Controi*  and  Experimentai, 

Bri’shino  Gropps 


GROl’PS 

TESTED 

N 

X  1 

Si 

t* 

P 

9  02 

13 

2.75 

4.13 

-0.5.3 

>0.554 

9  03 

12 

5.21 

15.50 

S  02 

14 

36.29 

70.89 

0.47 

>0.554 

$  03 

11 

25.36 

23.53 

9  $  02 

27 

20.14 

5.3.80 

0.43 

>0.549 

9  i  03 

23 

14.85 

22.17 

d 

S,i 

tt 

Littermates 

9  02 

7 

4.11 

5.30 

1.89 

0.108 

9  0.3 

$  02 

9 

-7.78 

33.85 

-0.65 

0.535 

$  0.3 

9  3  02 

16 

-2.58 

25.18 

-0.40 

>0.557 

9  3  0.3 

•See  Table  I,  footnote.* 
tSee  Table  II,  footnote!. 


brushing  apparently  has  a  caries- reducing  effect,  the  two  brushing  groups  were 
compared  with  the  control  group  (Table  V).  The  “t”  tests  seemed  to  support 
the  observation  that  a  reduction  in  caries  incidence  has  occurred  (at  or  below 
the  0.01  level  of  significance  in  two  instances). 

The  comparisons  between  the  brushing  control  group  and  the  ingestion 
group,  and  the  ammoniated  brushing  group  and  the  ingestion  group,  were 
calculated  as  a  matter  of  comjileteness,  but  it  seemed  rather  hazardous  to  infer 
or  deduce  anything  from  these  comparisons. 
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Tablk  V 


Cakiks  SroKKs;  C\»mi'Akis<)n  Betwkkn  Control  ank  Bki'SHIno  Gnorps 


(iROl'I’S  TESTED  | 

N 

1  ^ 

s*  1 

A*  ■  1 

1  P 

9  G1 

14 

26.39 

39.98 

2.56 

0.010 

9  G2  and  3 

25 

3.93 

11.20 

$  G1 

14 

57.52 

76.33 

1.19 

0.234 

$  G2  and  3 

25 

31.48 

55.56 

9  5  Gl 

28 

41.96 

62.88 

2.00 

0.045 

9  5  G2  and  3 

50 

17.71 

42.38 

Littermatea 

9  Gl 

7 

.39.82 

47.67 

2.75 

0.013 

9  G2  and  3 

14 

2.77 

4.03 

$  Gl 

9 

76.28 

88.63 

2.10 

0.046 

S  G2  and  3 

18 

26.03 

28.93 

9  a  Gl 

16 

60.33 

75.76 

2.95 

0.004 

9  5  G2  and  3 

32 

15.85 

24.72 

•See  Table  I,  faotnote*. 


Fig.  2. — Male  and  female  animals,  combined  mean  caries  score. 

Fig.  2  graphically  .summates  the  results  of  this  experiment  by  the  use  of 
a  bar  diagram.  It  appears  as  though  the  incidence  of  caries  in  hamsters  can 
he  reduced  by  toothbrushing  alone.  A  beneficial  effect  (reduction  in  caries) 
is  not  apparent  as  a  result  of  the  use  of  an  ammoniated  dentifrice.  Microscopic 
examination  of  the  tis.sues  studied  did  not  reveal  any  apparent  change  as  a 
result  of  the  experimental  procedures. 

DISCUSSION 

From  this  .study,  it  seems  that  further  evidence  has  been  presented  to  sub¬ 
stantiate  the  efficiency  of  toothbrushing  as  a  caries  control  measure.  Because 
of  the  nocturnal  habits  of  the  hamster,  it  is  more  active  at  night  (eating,  etc.), 
and  since  the  teeth  were  brushed  in  the  morning  the  situation  was  somewhat 
analogous  to  human  beings  bru.shing  their  teeth  after  meals.  However,  differ¬ 
ences  between  this  study  and  a  clinical  investigation  are  obvious,  so  these  data 
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oannot  be  construed  as  nesatiii"  any  of  the  work  of  Kesel,  O’Donnell,  Kirch, 
and  Waeli.®  The  reduction  of  caries  associated  with  the  infjestion  of  dibasic 
ammonium  phosphate  and  urea^  may  simply  point  up  the  difference  between 
the  amount  of  contact  witli  the  drufrs  occurring  during  freipient  eating  periods 
and  during  a  once-daily  brushing. 

The  extreme  variation  in  caries  incidence  that  may  occur  in  hamstei’s  is 
illustrated  by  the  following  total  scores  for  six  males  of  the  control  group  (I) : 
0,  43.75,  282,  0.25,  149.5,  0.  The  first  three  animals  were  maintained  together 
in  one  cage,  and  the  second  three  were  similarly  maintained  under  identical 
conditions.  Note  the  complete  immunity  of  one  animal  in  each  group  of  three. 

Little  has  been  said  prior  to  this  time  in  regard  to  littermate  controls. 
Fig.  2,  A  and  B,  shows  how  a  different  conclusion  could  have  been  reached  if 
only  mean  caries  scores  were  considered.  The  results  (A)  would  almost  show 
the  “ideal”  experiment  (the  results  attained  are  those  predicted)  :  Group  I 
(control),  high  caries  scores;  Group  II  (brushing  control),  caries  reduction  over 
50  per  cent;  Group  III  (ammoniated  brushing),  a  further  reduction  in  caries. 
However,  when  the  littermates  are  considered,  the  bar  diagram  (Fig.  2,  B) 
shows  results  which  are  more  analogous  to  the  “t”  tests. 


SUMM.\RY 

Daily  brushing  of  the  molar  teeth  of  ham.sters  with  a  control  and  an  am¬ 
moniated  dentifrice  resulted  in  significant  reductions  of  caries  exi)erienee  of 
approximately  the  same  magnitude,  whereas  the  ingestion  of  the  drugs  incor¬ 
porated  into  the  caries-producing  diet  resulted  in  a  further  reduction  of  the 
incidence  of  caries. 
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A  CLINICAL  STUDY  OF  THE  EFFECT  OF  TETRADECYLAMINE 
ON  PLAQUE  FORMATION 

B.  M.  KING,  B.D.S.(N.Z.) 

University  of  Otago  Dental  School,  Xeu'  Zealand 

IT  HAS  l)een  shown  l)y  Walsh  and  Creen^  that  certain  lonpt  chain  amines  have 
the  power  to  inhil)it  in  vitro  decaleifieation  of  the  enamel  surface  by  acid. 
More  recently,*  these  workers  have  shown  that  the  amine  appears  to  form  an 
adsorbed  film  over  the  tooth  surface  and  have  sufigested  that  the  most  suitable 
agent  for  clinical  trials  should  be  tetradecylamine  dissolved  in  medicinal  paraffin 
oil.  The  present  investigation  was  made  to  determine  the  effect  of  this  solution 
upon  the  inhibition  of  plaque  formation  in  vivo. 

It  is  commonly  l)elieved  that  bacterial  plaques  play  an  important  role  in 
the  initiation  of  the  carious  lesion.®  Inasmuch  as  this  is  true,  the  elimination 
of  plaque  material  adhering  to  the  tooth  surface  would  play  a  substantial  part 
in  lowering  the  incidence  of  dental  caries,  l^p  to  the  present  time  most  of  the 
work  recorded  in  the  literature*  *  has  been  in  the  nature  of  an  attempt  at  re¬ 
ducing  plaque  substance,  and  not  directed  toward  the  more  fundamental  prob¬ 
lem  of  preventing  bacterial  plaques  from  growing. 

CLINICAL  PROCEDURE 

For  this  experiment,  dental  students  with  six  upper  anterior  teeth  moder¬ 
ately  free  from  extensive  restorations,  especially  cervical  synthetic  porcelain 
fillings,  were  selected.  The  thirty-nine  students  were  divided  into  two  groups 
of  nineteen  and  twenty.  The  experiment  extended  over  a  period  of  three  weeks 
with  each  group  using  various  methods  of  oral  hygiene,  with  the  toothbrush  as 
the  basic  factor.  At  the  beginning  of  each  week,  the' labial  surfaces  of  the  six 
upper  anterior  teeth  were  given  a  thorough  prophylaxis  with  pumice  and  a 
rubber  cup,  after  which  the  prophylaxis  was  checked  by  the  application  of  a 
2  per  cent  solution  of  Mercurochrome.  Mercuroehrome  is  a  solution  w’hich  has 
the  property  of  staining  plaque  material  and  leaving  the  clean  tooth  surface 
unaffected.  At  the  end  of  each  week  the  plaques  were  disclosed  with  Mercuro¬ 
chrome  and  their  extent  evaluated.  Each  week’s  growth  of  plaque  was  removed 
before  the  new  trial  was  commenced. 

The  methods  of  oral  hygiene  studied  were:  (a)  continuation  of  the  usual 
procedure  for  each  subject,  i.e.  brush  and  paste,  (b)  use  of  brush  and  water 
only,  without  toothpaste,  (c)  use  of  brush  and  medicinal  paraffin  oil,  (d)  use 
of  brush  and  a  1  per  cent  solution  of  tetradecylamine  in  medicinal  paraffin. 

All  students  followed  procedure  (a)  for  the  fii-st  week  and  procedure  (b) 
for  the  second  week.  At  the  end  of  this  jieriod  students  were  divided  into  two 
groups.  Group  1  carried  out  the  procedure  of  using  a  brush  and  a  1  per  cent 
solution  of  tetradecylamine  in  oil,  and  Group  2  used  a  brush  and  paraffin  oil. 
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Durinp  tins  last  stajro  now  twthhrushos  wore  issued  to  avoid  eontaniination  of 
the  oils  with  toothpaste.  The  inetlaul  of  hrushinji  and  the  time  at  which  the 
tet'th  were  brushed  wert'  stamlardized  for  each  individual. 

In  the  method  of  scorinsr  plaque  jrrowth  the  labial  surface  of  each  tooth  was 
allottoil  a  maximum  score  of  3  and  a  minimum  score  of  0,  so  that  the  total  score 
for  one  mouth  could  i>os,sihly  ranjje  from  0  to  18.  Fig.  1  illustrates  the  method 
of  scoring. 


Fig.  1. — Motho<l  of  !«core  a».sos.<«niont. 

3 1,  Shading  indicating  a  score  of  3. 

2i3,  Shading  indicating  scores  of  2  for  each  tooth. 

Ii2,  Siiading  inilicating  scores  of  1  for  each  tooth. 

11,  Xo  shading,  indicating  a  score  of  0. 

Total  score  in  example  shown  =  3 +  2  +  1+  0  *1+2  =  9. 


Rl>Xi:i,TS 

The  full  results  of  the  .scores  taken  for  each  stmlent  for  the  various  oral 
hygiene  procedures  over  the  period  of  three  weeks  are  presented  in  Table  I 
and  are  analyzetl  statistically  in  Table  11.  The  standard  erroi-s  of  the  mean 
diflferences  were  computed  on  the  ba.sis  of  paired  variates  for  (*ach  student  and 
not  from  the  group  treatments  as  a  whole. 

T.\bi,e  I 

SeoKEs  Assessed  kok  E.\eH  Stcdext  at  the  End  ok  Each  Week 


GROfP  1 

CROUP  2 

BRUSH 

BRUSH, 

1  BRUSH  j 

BRUSH 

XO.  ^ 

AND 

BRUSH 

OIL  AND 

AND 

BRUSH 

AND 

PASTE 

ONLY 

AMINE 

i  xo. 

PASTE  ' 

ONLY 

PARAFFIN 

1 

3 

2 

o 

20 

4 

4 

3 

2 

o 

y 

2 

21 

3 

5 

8 

3 

i 

:» 

1 

oo 

3 

3 

4 

4 

1 

1 

0 

23 

0 

11 

7 

5 

4 

9 

5 

24 

0 

1 

5 

6 

S 

2 

3 

25 

2 

4 

0 

7 

5 

7 

2 

20 

1 

4 

0 

8 

4 

4 

3 

27 

3 

4 

7 

9 

4  , 

4 

0 

28 

O 

8 

2 

10 

9 

13 

S 

29 

4 

9 

1 

11 

0 

<) 

0 

30 

12 

11 

7 

12 

3 

5 

0 

31 

«; 

11 

12 

13 

0 

3 

1 

32 

5 

7 

5 

14 

2 

3 

0 

33 

1 

13 

0 

15 

4 

9 

2 

34 

7 

7 

12 

10 

11 

5 

8 

35 

4 

0 

8 

17 

0 

7 

5 

30 

7 

(> 

7 

18 

9 

11 

8 

37 

(i 

11 

9 

19 

10 

12 

« 

38 

0 

0 

7 

39 

12 

12 

12 

I 


i 

I 


V^ilnmr  ^0 
NnmI'er  } 


KFFKIT  OF  TKTRA1>K<'YT.AM1NK  ON  PLAt^FK  FORMATION 


401 


Tabi,k  H 
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Kiff.  2. — Graph  showing  the  mean  placiues  forme*!  for  each  metho*!  employed. 

It  is  iiotewortliy  that  when  a  brush  alone  was  used  platjues  inereasetl  43 
per  cent  over  tliat  of  the  brush  and  jiaste  fij^ure.  The  suhjetds  showinff  low 
seores  develojied  idaijues  mainly  around  the  fiiiifjival  third  of  the  teeth,  while, 
as  the  seores  advaneed,  the  fiin^ival  two-tliirds  In'eame  involved.  Verj*  few 
suhjeets  exhibited  bacterial  plagues  covering  the  entire  surface  of  the  tooth, 
even  when  oral  hygiene  was  maintained  with  a  hriush  alone.  The  scores  varietl 
considerably  from  student  to  student,  indicating  tliat  some  people  are  more 
susceptible  to  plaipie  growth  than  others.  Also,  the  actual  nature  of  the  plaque 
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differed  when  diselosed  with  Merenmehroine,  the  growth  being  inueli  heavier 
in  some  months  than  others,  yet  extending  over  the  same  surface  area.  Fig.  2 
shows  graphically  the  mean  plaques  formed  for  each  method  employed. 

When  the  methods  are  compared  it  is  st'en  that  brushing  the  teeth  with 
paste  is  more  effective  than  with  a  toothbnish  alone.  At  the  same  time  the 
mechanical  action  of  the  brush  alone  does  prevent  the  entire  surface  from  be¬ 
coming  involveii.  Brushing  with  paraffin  oil  is  no  more  effective  than  brushing 
with  water,  yet  the  solution  of  amine  in  ]>araffin  is  a  stronger  inhibitor  of  plaque 
than  toothpaste,  in  spite  of  the  abrasive  properties  of  the  latter.  It  seems 
probable,  therefore,  that  the  adsorbed  film  postulated  by  (Jreen  and  Walsh*  has 
iH'en  formed  in  the  mouth  also  and  has  juu-sisted  long  enough  to  have  a  signifi¬ 
cant  influence  on  the  growth  of  plaque. 

CONCLUSIONS 

A  study  has  In'en  made  of  the  relative  effectiveness  of  several  materials  in 
their  power  to  inhibit  plaque  formation  in  vivo. 

Brushing  with  paste  acconling  to  the  usual  methods  of  oral  hygiene  was 
found  to  be  markedly  superior  to  brushing  with  either  water  or  medicinal 
paraffin  oil. 

A  dilute  solution  of  tetradecylamine  in  medicinal  paraffin  was  even  more 
effective  and  compared  with  tootlqiaste  caused  a  reduction  of  nearly  40  per  cent 
in  plaque  growth. 

The  author  \vishes  to  acknowledge  his  gratitude  to  Dr.  J.  P.  Walsh  and  Mr.  B.  W. 
Green  for  their  valuable  suggestions  and  assistance  in  the  preparation  of  this  manuscript. 
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A  DEMONSTRATION  OF  THE  IMPORTANCE  OF  IHCARHONATE 
AS  A  SALIVARY  P.l  FFER 
H.  WAII  LKUNO,  D.D.H.,  Ph.I).* 

Ih pnrtmnit  of  Phtisiolofly  and  Division  of  Dental  Eesearch,  University  of  Rochester  School 
of  Medicine  and  Dentistry,  Rochester,  Y. 

INTRODUCTION 

ALTIIOIKJII  it  has  been  sii^ffrested  that  salivary  carbon  dioxide  plays  an 
important  role  in  the  formation  of  oral  calculus  (Kirk,*  Pickerill,*  and 
Rapp’)  and  in  the  determination  of  salivary  pH  { Starr, ^  McClelland,®  and 
Anderson”),  the  nature  and  properties  of  this  salivary  constituent  have  been 
studie<l  to  a  very  limited  extent  only.  h]xact  information  concerning  its  action 
as  a  salivary  buflFer  is  lacking. 

It  has  been  known  for  .some  time  that  the  carbon  dioxide  content  and  car¬ 
bon  dioxide  capacity  are  both  higher  in  paraffin-.stimulated  human  saliva  than 
in  the  so-called  “re.sting”  saliva.  It  has  been  shown,  with  animals,  that  both 
the  carbon  dioxide  content  and  the  carbon  dioxide  capacity  may  be  affected  by 
the  type  of  stimulus  u.sed  to  elicit  secretion  (McClanahan  and  Amberson,^ 
Ibassfiehl  and  Hehrmann,*  Wills’*).  There  is  evidence  to  indicate  that  perhaps 
the  jiresence  of  dental  caries  is  associated  with  a  lower  salivary  carbon  dioxide 
capacity  than  is  its  absence  (Hubbell,*'*  Karshan,’*  White  and  Hunting,” 
Karshan,  Rosebury,  and  Waugh,*’  Karshan,  Siegel  and  Waugh*^),  and  the 
reverse  seems  to  be  true  in  the  case  of  oral  calculus. 

These  findings  throw  little  light  on  the  fundamental  properties  of  salivary 
carbon  dioxide  or  on  its  role  as  a  salivary  buffer.  Although  it  is  believed 
that  the  pH  of  the  saliva  is  in  some  way  influenced  by  the  (XL  content,  and 
that  saliva  undoubtedly  owes  some  of  its  buffering  power  to  the  bicarbonate  it 
contains  (Ericsson,*®  Sellman*®),  there  is  little  quantitative  evidence  to  show 
the  relative  importance  of  this  constituent  in  the  regulation  of  these  salivary 
properties. 

On  the  basis  of  the  dissociation  constants  and  relative  concentrations  of 
bicarbonate  and  .phosphate  in  saliva,  it  has  been  assumed  that  these  two  sub¬ 
stances  are  of  equal  importance  in  the  regulation  of  salivary  buffer  capacity 
(Sellman*®).  It  should  be  remembered,  however,  that  by  virtue  of  the  volatile 
nature  of  the  CO2  gas,  the  breakdown  by  acids  of  bicarbonate  to  CO2  leads 
to  the  eventual  escape  of  the  latter  from  solution.  This  confers  additional 
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The  material  in  this  paper  is  taken  from  a  thesis  submitted  to  the  Graduate  School  of 
the  University  of  Rochester  in  partial  fulflllment  of  the  requirements  for  the  degree  Doctor 
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bufTering  power  to  the  liicarbonate  system  in  excess  of  that  due  only  to  the 
concentration  of  Incarbonate  present  (Peters  and  Van  Slyke,^^  Fenn**).  This 
property  of  the  bicarbonate-carlionic  acid  system  has  been  largely  ignored  or 
overlooked  in  previous  studies  of  salivary  buffer  capacity. 

The  present  investigation  is  designed  to  study  more  fully  the  buffer  action 
of  carbon  dioxide  in  saliva.  Through  the  use  of  the  di.ssoeiation  curves, 
the  total  buffer  value  (j8)  of  saliva  is  calculated  at  the  average  pH  found  in 
the  mouth,  and  the  degree  to  which  this  is  dependent  on  the  biearbonates  in 
saliva  is  demonstrated. 


EXPERIMENTAL  PROCEDURE 

Collection  of  the  Saynples. — Midmorning  sainjiles  of  .stimulated  mixed  saliva 
from  human  beings  were  collected  by  the  chewing  of  paraffin.  The  samples 
were  protected  by  a  layer  of  paraffin  oil  and  stored  in  the  refrigerator  until 
analyzed.  All  analyses  were  completed  within  twelve  hours  following  col¬ 
lection. 

For  the  collection  of  uncontaminated  parotid  or  submaxillary  saliva  from 
dogs,  animals  in  which  salivary  fistulas  had  been  prepared  according  to  the 
technique  of  Pavlov  were  used.  Plastic  tubing,  inserted  into  the  exteriorized 
orifice  of  the  duct,  and  leading  into  the  collecting  vessel  so  that  the  opening 
of  the  tubing  was  below  the  surface  of  the  jirotective  layer  of  paraffin  oil, 
permitted  the  collection  of  .samples  without  exposure  to  air.  This  precaution 
was  nece.s.sary  to  prevent  any  loss  of  COa  from  the  specimens. 

Stimulation  of  secretion  in  the  animals  was  jiroduced  by  the  subcutaneous 
injection  of  pilocarpine  in  physiologic  saline  (5  mg.  jier  milliliter).  A  dose 
of  0.2  mg.  per  kilogram  of  body  weight,  given  every  half  hour,  was  found  to 
produce  an  average  rate  of  flow  of  about  30  ml.  per  hour.  Secretion  from  the 
submaxillary  gland  was  generally  more  rapid  than  from  the  parotid. 

Equilibration  of  Saliva  With  COt. — In  order  to  obtain  the  COi.  dissociation 
curve  of  any  given  specimen  of  saliva,  aliquots  of  the  specimen  were  equilibrated 
at  37°  C.  with  gas  mixtures  containing  different  percentages  of  (Tia  in  nitrogen. 
The  equilibrated  samjiles  were  then  analyzed  for  their  t'O^  contents  and  pH. 
A  curve  can  then  be  plotted  relating  the  CO^  in  the  gas  mixtures  used.  Huffer 
capacities  may  be  computed  from  such  curves. 

As  equilibration  chambers,  50  ml.  hyjiodermic  syringes  were  found  to  be 
more  convenient  than  the  Barcroft  tonometers  usually  recommended.  Test 
analyses  showed  that  the  results  with  the  syringes  compare  favorably  with 
those  obtained  with  tonometers.  The  syringe  was  first  flushed  out  .several 
times  with  jiortions  of  the  gas  mixture  to  be  usetl.  Three  milliliters  of  saliva 
were  then  drawn  into  the  syringe.  The  latter  was  again  flushed  out  several 
times  with  the  same  gas  mixture,  but  without  exiielling  any  of  the  saliva. 
Finally,  it  was  filled  with  the  gas  and  sealed  by  inserting  the  point  of  the  hyjio- 
derrnic  needle  into  a  rubber  stiqiper.  Eijuilibration  was  carried  out  for  a  total 
of  30  minutes  in  a  water  bath  maintained  at  37°  At  the  end  of  each  10 
minutes  of  equilibration  the  old  gas  mixture  was  replaced  by  a  fresh  sample 
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of  the  same  mixture.  After  the  syringe  had  been  in  the  water  bath  for  a  few 
minutes  and  had  attained  the  temperature  of  the  bath,  the  seal  on  the  syringe 
needle  was  momentarily  broken  in  order  to  release  the  excess  pressure  built  up 
within  the  syringe  as  a  result  of  the  change  from  room  to  body  temperatures. 

Analytical  Methods. — Carbon  dioxide  content  of  the  equilibrated  saliva 
was  determined  by  the  manometric  technique  of  blood  gas  analysis  of  Van 
Slyke  and  Neill.’®  Two-tenths  milliliter  of  sample  was  used  for  each  analysis. 
All  analyses  were  done  in  duplicate. 

The  pH  was  determined  on  the  Beckman  pH  meter  w  ith  the  glass  electrode. 
The  use  of  a  ca])illary  microglass  electrode  (Beckman  catalogue  No.  290M) 
prevented  the  exi)osure  of  the  sam])le  to  room  air  during  the  determinations. 


Kig.  1. — COs  (lissociatiun  curves  of  stimulated  mixed  saiiva  from  three  subjects. 

RUSULTS 

Carbon  Dioxide  Dissociation  Curves  of  Saliva. — (a)  Human  Saliva:  Fig.  1 
illustrates  the  types  of  dissociation  curves  obtained  with  stimulated  mixed  saliva 
of  three  subjects.  Kach  j)oint  represents  the  content  after  the  saliva  was 
equilibrated  with  mixtures  of  nitrogen  and  C(),j  at  the  partial  pressures  in¬ 
dicated  along  the  axis  of  abscissa.  It  is  evident  that  there  are  differences  in 
the  amount  of  (’Oa  picked  up  by  different  samples  of  saliva  at  any  given  COa 
tension,  i.e.,  the  COa  capacities  vary.  Also,  it  can  be  seen  that  some  salivas 
may  show'  greater  increases  in  COa  content  for  a  given  increase  in  COa  tension 
(e.g..  Curve  10)  than  other  salivas  (Curve  9).  As  will  be  shown  later,  these 
differences  in  the  configuration  of  the  curves  are  related  to  differences  in  the 
buffer  capacity  of  the  saliva. 
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(b)  Dog  Saliva:  The  type  of  dissociation  curves  obtained  with  dof?  parotid 
and  submaxillary  salivas  is  illustrated  in  Figs.  2  and  3  respectively.  The  three 
curves  in  each  figure  represent  three  specimens  from  the  same  gland  of  the 


Fig.  2. — COj  dissociation  curves  of  three  samples  of  dog  parotid  saliva. 


Fig.  3. — COj  dissociation  curves  of  three  samples  of  dog  submaxillary  saliva. 


same  animal.  Different  samples  of  parotid  saliva  exhibited  greater  differences 
in  the  00^  cajiacities  than  do  different  samples  of  submaxillary  saliva.  On  the 
average,  the  CO*  capacities  of  the  parotid  secretion  are  greater  than  the  sub- 
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maxillary,  when  equilibrated  at  the  same  COj  tension.  The  residual  CO*  in 
the  saliva  following  equilibration  with  a  COj-free  mixture  (0  mm.  Hg  CO2  ten¬ 
sion)  is  also  seen  to  he  greater  in  the  former  case.  These  results  indicate  that 
in  the  dog  the  parotid  saliva  is  better  buffered  than  the  submaxillary. 

Differentiation  Betireen  the  Dissolved  and  Bound  TO*. — The  total  CO2  con¬ 
tent  of  the  saliva,  as  indicated  along  the  axis  of  ordinates  of  FMgs.  1,  2,  and  3, 
may  he  separated  into  two  components — the  dissolved  COj  and  the  combined 
CO2.  The  dis.solved  portion  includes  that  in  physical  solution  and  that  in  the 
form  of  H2CO3.  Its  formation  follows  Henry’s  law  and  depends  upon  the  par¬ 
tial  pres.sure  of  CO2  which  is  in  equilibrium  with  the  saliva.  Its  concentration 
may  be  calculated  by  Equation  1 : 

100  a  p 

H,CO,  (vol.  %)  =  — ^ 

Hi! ’(>3  includes  both  carbonic  acid  and  di.s.solved  or  free  CO2,  a  stands  for  the 
solubility  coefficient  of  CO2  at  37°  C.,  and  p  is  the  partial  pressure  of  CO2  in 
mm.  Hg.  When  the  CO2  ten.sion  is  known  the  amount  of  C(l2  in  solution  may 
be  calculated  easily.  The  manner  in  which  this  fraction  increases  with  increa.s- 
ing  CO2  pressure  is  illustrated  by  the  bottom  curve  marked  “H2CO3”  in  Fig.  4. 
As  predicted  from  Equation  1  the  formation  of  H2CO3  is  a  linear  function  of 
the  CO2  tension. 

The  combined  or  bound  CO2  represents  that  fraction  of  the  total  which  is 
in  combination  with  a  base  (.such  as  Xa  or  K).  a  ])rotein,  or  some  other  cation. 
Its  value  may  be  calculated  by  taking  the  difference  between  the  total  CO2  and 
the  dissolved  r()2.  The  uppermost  curve  in  this  figure  shows  the  total  CO2 
content  of  a  0.02M  sodium  bicarbonate  solution  which  was  equilibrated  with 
Fdj  gas  at  various  partial  pres.sures.  As  expected,  we  find  that  as  the  tension 
of  CO2  is  increased  the  total  quantity  of  CO2  in  saliva  is  also  increased.  This 
increase  in  CO2  content  is  seen  to  proceed  linearly  above  a  tension  of  about  20 
mm.  Hg.  The  slope  of  this  curve  is  similar  to  that  of  the  ILCOs  curve  at  the 
bottom  of  Fig.  4.  If,  at  each  tension  of  the  amount  of  COo  in  the  form  of 
ir.FOs  (as  indicated  by  the  112003  curve)  is  subtracted  from  the  total  CO2. 
the  remainder  will  be  the  combined  (’(>2.  For  a  bicarbonate  solution  the  com¬ 
bined  CO2  (as  HCO3-H2OO3-)  will  have  a  curve  as  indicated  by  the  middle 
curve  in  Fig.  4.  It  is  parallel  to  the  X-axis.  The  difference  in  height  l)etween 
the  total  C()2  curve  and  the  combined  OOj  (or  bicarbonate)  curve  represents  the 
dis.solved  (XIj  or  H2CO3  fraction. 

The  fact  that  the  curve  for  the  combined  (’O2  is  horizontal  above  a  (HL 
tension  of  about  20  mm.  Hg  means  that  no  more  XalK^Oa  is  being  formed  above 
this  point.  All  the  available  base  (Na)  has  already  been  used.  The  increase  in 
the  total  (’(>2  ret)resents,  therefore,  increase  in  the  amount  of  dis.solved  CtL 
or  H2(’03,  only.  If  an  additional  source  of  base  had  been  available,  as,  for  ex- 
ami)le,  from  the  breakdown  of  some  other  buffer  salt  in  the  solution,  then  the 
combined  CDj  would  have  continued  to  increase  up  to  the  point  where  the  other 
buffer  salt  could  no  longer  be  tlecomi)osed  by  the  addition  of  The  in- 
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crenient  in  the  combined  CO^  for  any  increment  in  the  COj  tension,  therefore, 
provides  a  measure  of  the  increase  in  the  amount  of  base  beinj?  bound  with 
CO2,  and,  consequently,  of  the  amount  of  other  buffer  salts  being  broken  down 
to  provide  the  necessary  base  for  the  formation  of  bicarbonate.  This  may  be 
illustrated  by  a  dissociation  curve  of  a  solution  containing  both  bicarbonate 
and  phosphate.  (Fig.  5.)  This  is  a  “theoretically  calculated  curve”  which 
appeared  in  a  paper  by  Sellman.'®  The  ordinates  give  the  millimols  of  COj  as 
HCOa-HaCOs-  and  the  abscissas  the  millimols  of  free  CO,  (or  II2CO3).  This  lat¬ 
ter  is  directly  proportional  to  the  CO2  tension.  It  will  be  seen  that  as  the  free 
COo  (and,  therefore,  the  CO2  tension)  is  increa.seil,  the  amount  of  IICOj-  also  in¬ 
creases.  In  contrast  to  Pig.  4  the  combined  CO2  curve  is  not  parallel  to  the  ab- 
scis.sa;  in  other  words,  part  of  the  B2IIPO4  is  being  converted  to  BII2PO4  with 


Kik.  4. — C’Oi  (lituHK’iutiun  curves  of  water  ( Ixjttoni  curve)  arul  of  a  0.t)2M  NaHCt)i  solu¬ 
tion  differentiated  to  show  the  curves  for  the  total  Ot)i  INaHOOj  i  HiCOj)  and  for  the  com¬ 
bined  COi  (NaHt''t>>).  The  difference  between  these  latter  two  curves  represents  the  amount 
as  Hjt'Oj.  ( Adapte<l  from  I'eters  and  Van  Slyke.” ) 


the  lilieration  of  an  equivalent  of  base  (B)  for  every  molecule  of  phosphate  thus 
transformed.  This  latter  base  in  turn  enters  into  the  formation  of  BlK’Os.  Thas 
the  amount  of  increase  in  BIlFOa  over  any  given  range  of  CO,  tension  is  a 
measure  of  the  amount  of  Bjlll*()4  Inung  transformeil  to  BIl2l*<)4,  ami  in  turn 
the  amount  of  ba.s4‘  (B)  made  available. 

('ah  ulation  of  the  Hnffer  Value  of  Saliva. — Saliva  may  be  regarded  as  a 
solution  which  contains,  among  other  things,  bicarbonate,  phosphate,  and  other 
buffers  (such  as  proteins).  Its  (’02  content  may  also  be  differentiate!!  into  the 
total  C()2,  the  combined  CO2,  and  the  dissolved  FOa  fractions.  This  is  illus- 
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tinted  ill  Fig  (i,  in  which  iso-pH  lines  calculated  according  to  the  Henderson- 
Ilasselhalch  e<iuation  arc  also  jilottcd.  They  show  the  manner  in  which  the 
pH  of  the  saliva  will  change  as  the  tension  is  changed.  From  the  height 
and  slope  of  the  dissociation  curve  for  the  tMunhined  CO^  it  is  possible  to  cal¬ 
culate  the  buffer  value  of  saliva. 


Fig.  5. — Theoretically  calculated  COi  dissociation  curve  of  a  solution  containing  phosphate  and 
bicarbonate.  (Adapted  from  Sellman.'*> 

Van  Slyke^"  has  defined  the  buffer  value  (j8)  of  a  solution  as  equal  to 
tlR 

—  where  dB  represents  small  increments  of  strong  alkali  and  dpH  the  in- 
dpH 

crease  in  ])H  that  results  from  its  addition.  It  is  a  measure  of  the  number  of 
gram  equivalents  of  strong  acid  or  alkali  taken  up  i>er  liter  per  unit  change 
in  pH. 

As  mentioned,  a  solution  which  contains  only  sodium  bicarbonate  will  he 
unable  to  form  more  bicarbonate  regardless  of  the  amount  of  additional  FO.. 
available  since  all  the  ha.se,  in  the  form  of  sodium,  has  been  utilized.  The  com¬ 
bined  FOj  curve  becomes  parallel  to  the  X-axis  from  this  point  on.  which  shows 
that  no  additional  bicarbonate  is  formed. 

Many  saliva  siieeimens,  on  the  other  hand,  have  combined  F(V.  dissociation 
curves  which  continue  to  rise  for  some  ilistanee  along  the  X-axis,  just  as  the 
BdlBO^-BIlFOa  curve  <loes  (Fig.  5).  This  indicates  that  as  the  ('(V.  tension 
is  inerease<l,  increasing  amounts  of  bicarbonate  are  pnalueeil.  Since  the  base 
which  enters  into  the  formation  of  this  bicarbonate  is  derived  from  the  break¬ 
down  of  the  salts  of  other  buffers  present,  the  amount  of  bicarlmnate  formeil 
over  a  given  pH  range  may  be  regarded  as  being  e(|uivalent  to  the  amount  of 
other  buffer  .salts  decomposed  to  provide  the  neees.sary  base  for  its  formation. 
The  process  may  be  visualized  as  one  of  titrating  saliva  with  carbonic  aciil  in 
which  the  adde<l  acid  is  neutralizeil  by  the  decomposition  of  buffers  in  the 
saliva  to  yield  bicarbonate.  The  change  in  the  number  of  gram  equivalents 
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of  bicarbonate  (AHIICOg)  for  a  given  change  in  j)!!  (A  pH)  is  thus  equal  to 
an  opposite  change  in  the  number  of  gram  equivalents  of  other  buffer  salts 
(A  H)  for  the  same  change  in  pH  (A  pH),  or 


A  BHCOa  _  ^ 

A  pH  A  pll 


The  ratio. 


AB 
A  pH  ’ 


provides  a  measure  of  the  approximate  buffer  value  of 


the  saliva  due  to  the  buffers  represented  by  B,  and  at  a  pH  midway  between 
1)H,  and  pHa,  where  pIB  -  plla  =  A  pH, 


Fig.  C. — (X)i  <li880ciatiun  curve  of  a  sample  of  human  mixed  saliva  separated  into  its 
total  and  combined  COj  fractions.  The  diagonals  passing  through  the  origin  are  iso-pH  lines 
calculated  by  the  Henderson-Hasselbalch  equation.  The  dotted  lines  a  and  b  are  the  amounts 
of  ciiange  in  the  combined  COj  when  the  pH  is  changed  from  6.8  to  7.2  as  the  COi  tension 
is  allowed  to  change  (a)  and  as  the  COi  tension  is  kept  constant  (6). 


In  the  combined  CO^  curve  of  Fig.  6  we  have  a  change  from  about  43  vol¬ 
umes  per  cent  to  47  volumes  per  cent  between  pH  7.2  and  6.8,  or  a  change  of 
4  volumes  per  cent  in  the  form  of  bicarbonate  for  a  change  of  0.4  pH  unit 
(see  dotted  line  a).  This  is  equivalent  to  0.0018  mole  of  alkali  per  liter.  This 
amount  of  base  was  provided  by  the  breakdown  of  other  buffer  salts  in  the 
saliva.  For  a  change  of  1  jill  unit,  at  a  mean  jiH  of  7.0  the  amount  of  base 
made  available  would  be  0.0045  mole  per  liter.  This  is  the  value  P  for  buf¬ 
fers  other  than  bicarbonate  at  this  pH. 

The  value  of  the  bicarbonate  buffer  itself  may  be  calculated  from  K(|uation 
2  (Van  Slyke'**') : 


ft  =  2.3  (! 


K'lH+l 

(K'+lH+D^^' 


L 
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Where  C’  is  the  molar  eoneentration  of  lUK’Oj  plus  HzCOs  at  11+,  [H+] 
is  the  hydropen-ion  eoneentration  mid-point  between  pH  6.8  and  7.2,  and  K'  is 
the  first  api)arent  <lissoeiation  eonstant  of  carbonic  acid  in  saliva.^  At  pH  7.0, 
C  is  ecpial  to  0.0229  mole  i)er  liter.  At  this  pH,  j8  for  bicarbonate  equals: 

2.3  X  0.0229  X  I  X  10-8  x  1  x  10-t 

[(rx“l0-6)  +  (1  X  IO-tH*  ~  ~  0.0043 

lietween  ])H  7.2  and  6.8  the  buffer  value  for  bicarbonate  plus  other  buffers  is, 
therefore,  0.0043  plus  0.0045,  or  0.0088  for  this  .specimen  of  saliva. 

There  is,  however,  the  additional  bufferinp  power  due  to  the  breakdown  of 
bicarbonate  and  the  subsequent  loss  of  CO2  when  the  pH  is  chanped  by  the  ad¬ 
dition  of  a  stronper  acid  without  any  chanpe  in  (’Oj  tension.  In  the  ease  of  this 
siiecimen  of  saliva  there  w’ould  be  a  breakdown  of  api)roximately  25  volumes 
per  cent,  or  0.0112  mole  of  bicarbonate  (see  dotted  line  h,  Fip.  6)  for  a  pH 
chanpe  from  7.2  to  6.8;  or  0.028  mole  per  unit  pH  chanpe  at  a  mean  pH  of  7.0. 
The  total  bufferinp  power  of  this  saliva  between  these  two  pH  points  would, 
therefore,  be  0.0088  -1-  0.028  or  0.0368. 

In  Table  I  are  compiled  the  buffer  values,  calculated  between  pH  7.2  and 
6.8  by  the  forepoinp  method,  for  the  eleven  specimens  of  human  saliva  collected 
from  nine  individuals  used  in  these  studies.  It  can  be  seen  that  the  total  buf¬ 
fer  value  of  saliva  may  vary  considerably  from  one  specimen  to  another.  The 
extreme  limits  in  these  eleven  samples  are  0.0060  mole  and  0.0437  mole.  Most 
of  the  samples,  how’ever,  vary  within  much  narrower  limits.  It  is  also  evident 
from  Table  I  that  the  carbonic  acid-bicarbonate  system  constitutes  by  far  the 
most  important  buffer  in  saliva.  About  85  per  cent  of  the  total  buffer  capacity 
of  saliva  comes  from  the  bicarbonate  system.  The  one  feature  about  the  bi¬ 
carbonate  which  makes  it  such  a  valuable  buffer  in  saliva  is  the  volatile  nature 
of  the  CO2  evolved  when  BHCO3  is  decomposed.  Otherwise  we  find  that  the 
HaCOa-BHCHla  and  the  other  buffer  systems  are  about  equally  imjmrtant. 

The  buffer  values  for  dop  parotid  and  submaxillary  salivas  are  tabulated 
in  Table  1 1.  For  the  ])arotid  saliva  a  mean  pH  of  7.7  was  used,  and  for  the 

Table  I 

Bcekek  Valves  ok  Stimuijvted  Hvman  Mi.\ei>  Saliva  .\t  i*H  7.0 


SPECIMEN  1 

H,CO,-BHC<), 

BUEKER 

(moles/l) 

BHCO,  1 

bkeakikiwn 

(MOLKS/L) 

OTIIKK  BVEKEKS  | 

(MOLI':s/L')  1 

TUTAL 

BVKEEK  VALVE 
(^MOLES/Ll 

1 

0T()b43 

0.0280  ~ 

~  ”  0.0045 

0.0368 

2 

0.0042 

0.0297 

0.0041 

0.0380 

3 

0.0026 

0.0170 

0.0019 

0.0215 

4 

0.0020 

0.0132 

0.00 1*_* 

0.0164 

5 

0.0035 

0.0235 

0.0018 

0.0288 

IS 

0.0029 

0.0175 

0.0053 

0.0257 

7 

0.0054 

0.0350 

0.0033 

0.0437 

8 

0.0025 

0.0162 

0.0015 

0.1*202 

9 

0.0006 

0.0034 

0.0020 

0.0060 

10 

0.0028 

0.0167 

0.0067 

0.0262 

11 

0.0029 

0.0165 

0.0070 

0.0264 

Avprupp 

0.0031 

0.0197 

0.0035 

0.0263 
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sul)inaxillary  saliva,  a  mean  j)!!  of  7.o.  These  |)I[  values  were  selected  because 
of  their  close  ai)i)roximation  to  the  actual  i)II  of  the  resi)ective  salivas  as  they 
are  secreted  by  the  "lands  and  collected  by  cannulation  of  the  ducts.  On  this 
basis  we  find,  as  has  already  been  indicated  by  the  (’O,  dis.sociation  curves,  that 
the  parotid  secretion  is  somewhat  better  bufTered  than  the  submaxillary. 
Again  the  bicarbonate  is  seen  to  be  the  most  important  bufTer  present,  even 
more  so  than  in  the  case  of  human  saliva.  Over  95  per  cent  of  the  total  buf¬ 
fer  capacity  of  both  i)arotid  and  .submaxillary  salivas  is  due  to  this  system. 
As  was  pointed  out,  the  bufTer  values  of  buffers  other  than  bicarbonate  are 
relatively  insignificant. 


Table  II 


Bi  ffer  Valves  of  Piloc.armn'e-Stimt'lated  Dot.  Saliva 


lUCOj-BHCOj 

BHCOj 

■ 

TOTAL 

BVFFER 

BREAKDOWN 

OTHER  BVFFERS 

BVFFER  VALVE 

SPECIMEN' 

(MOLES/L) 

(  MOLE.S/L) 

(  MOLES/L ) 

(  MOLES/L ) 

Parotid  Saliva 

1 

0.0029 

(at  pH  7.7) 
0.0536 

0.0002 

0.0567 

2 

0.0020 

0.0347 

0.0011 

0.0378 

3 

0.0025 

0.0450 

0.0034 

0.0509 

Average 

0.0025 

0.0444 

0.0016 

0.0485 

Submaxillary  Saliva 

1 

0.0025 

(at  pH  7.3) 
0.0297 

0.0006 

0.0328 

2 

0.0022 

0.258 

0.0011 

0.0291 

3 

0.0029 

0.0331 

0.0015  . 

0.0375 

Average 

0.0025 

0.0295 

0.0011 

0.0331 

DLSCUSSION 

According  to  the  foregoing  results,  .saliva,  at  or  near  the  pH  of  that  freshly 
collected  from  the  mouth,  owes  its  butTering  power  i)riniarily  to  the  biear- 
bonates.  This  is  seen  to  be  due  to  the  ability  of  the  bicarbonate  to  be  decom¬ 
posed  by  acids  and  liberate  the  volatile  gas.  The  lo.ss  of  the  (’O-..  in  effect 
removes  the  acid  element  t»f  the  bicarbonate-carbonic  acid  system  from  the 
s<dution  and  results  in  a  smaller  change  in  the  ratio  of  bicarbonate  to  carbonic 
acid  than  otherwise.  The  change  in  j)H  is  thus  less  than  if  all  the  carbonic  acid 
were  to  remain  in  soluti<m. 

l»y  comparison,  the  degree  of  buffering  from  the  other  buffers  in  saliva  is 
found  to  be  relatively  small.  At  other  pH  levels,  however,  these  buffers  may 
assume  greater  importance  in  resisting  |)H  changes  itj  saliva.  These  other 
buffers  are  probably  maiidy  phosphates  and  proteins.  If  we  assume  an  aver¬ 
age  inorganic  phosphate  concentration  in  human  saliva  of  5  niM,  the  buffering 
power  <lue  to  the  phosphate  can  be  calculated  by  K(juation  2.  The  i)K  of  phos¬ 
phoric  acid  in  saliva  is  assume<l  to  be  f>.9.  At  pH  7.0  the  buffer  value  would 
Isf  0.(K)29  e<i.  per  liter  per  1  unit  pH  change.  The  usual  range  of  phosphate  con¬ 
centrations  in  .saliva  has  been  reporte<l  to  be  from  .‘5.2  to  H.  1  niM  per  liter 
(Hawk,  Oser,  and  Sommersoii''' ).  'bids  sets  the  upper  and  lower  limits  of  its 
buffer  value  at  0.(K)lfS  and  ().()<)47  eq.  per  liter  per  1  unit  pH  change,  respectively. 
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Those  values  are  seen  to  agree  favorably  with  the  ealeulated  values  for  the 
Other  Buffei-s  (Table  1),  At  this  pH  the  proteins  are  apparently  relatively 
unimportant  as  salivary  buffers. 


Tabi.e  III 


COMI*ARIS(tN  OK  THE  Bl’KKER  VAEVES  OK  ANIMAI,  TISSI'ES 
( Mof,Es/L./UNiT  pH  ) 


TISSt'E 

pH 

H.eOj-BHCO, 

CO, 

ESCAPE 

f)THER 

1  BfKKERS 

TTJTAf. 

BI'KKER 

CAPACITY 

Blood  (human)*  37°C. 

7.H-7.() 

().()022 

0.0167 

0.0206 

0.039 

Muscle  (frog)*  22®  (’. 

7.2  6.4 

0.0049 

0.0100 

0.0061 

0.020 

Nerve  (frog)*  22°  C. 

7.2-6.4 

0.0047 

0.0122 

0.0052 

0.022 

Mix(*d  saliva  ( human)! 

7.2-6.8 

0.00.31 

0.0197 

0.0035 

0.0263 

37®  C. 

Parotid  .saliva  (dog)t 

t.4 

0.0025 

0.0444 

0.0016 

0.0485 

37®  C. 

Submaxillarv  saliva  (dog)t 
37®  C. 

7.3 

0.0025 

0.0295 

0.0011 

0.0331 

♦From  Fenn.’* 
tPresent  study. 


The  total  buffer  value  of  saliva  reported  was  found  to  be  of  the  same  order 
of  magnitude  as  that  reported  for  other  tissues.  In  Table  III  are  listed  com¬ 
parable  results  for  human  blood  and  frog  muscle  and  nerve  reported  by  Fenn.“ 
Human  mixed  saliva  is  seen  to  have  a  total  buffer  value  somewhat  lower  than 
blood,  while  dog  saliva  is  found  to  be  approximately  the  same  (submaxillary) 
or  slightly  higher  (parotid).  As  would  be  expected,  the  value  of  buffers  other 
than  the  bicarbonate  is  considerably  higher  in  blood  than  in  saliva.  This  is 
probably  due  to  the  much  higher  ])rotein  concentration  in  the  blood,  especially 
hemoglobin. 

Tlie  author  is  indoided  to  Dr.  W.  O.  FtMiii  for  his  guidance  aiui  ailvioe  during  the  per¬ 
formance  of  this  work  and  for  chwking  the  manuscript  l>efore  it  was  sul>mitte<i  for  puldication. 
He  also  wishes  to  thank  Dr.  H.  C.  Ho<lge  for  his  many  helpful  suggestions. 
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ISOLATION  OF  PLEUROPNEUMONIA-LIKE  ORGANISMS  FROM 
HUMAN  SALIVA:  A  NEWLY  DETECTED  MEMBER 
OF  THE  ORAL  FLORA 

HARRY  E.  MORTON,  Sc.D.,  PAUL  F.  SMITH,  M.S.,  NED  B.  WILLIAMS,  D.D.S.,  Ph.D., 
AND  CHARLES  F.  EICKENBERG,  B.S. 

Departments  of  Bacteriology,  School  of  Medicine,  and  School  of  Dentistry, 

University  of  Pennsylvania,  Philadelphia,  Pa. 

The  pleuropneumonia  organisms  are  a  group  of  highly  pleomorphic,  filter¬ 
able,  fastidious  microorganisms.  Thej’^  were  first  studied  in  1898  by 
Nocard,  Roux,  Borrel,  Salimbeni,  and  Dujardin-Beaumetz’®  who  described 
members  of  this  group  as  the  causative  agents  of  bovine  pleuropneumonia. 
Since  then  a  number  of  similar  forms,  designated  pleuropneumonia-like 
(PPLO),  or  L-type  colonies,  both  parasitic  and  saprophytic,  have  been  isolated. 

Bovine  pleuropneumonia  is  a  severe  epizootic  disease  of  cattle  still  prev¬ 
alent  in  many  parts  of  the  world  but  it  has  not  been  recognized  among  cattle 
in  the  U^nited  States  for  several  yeai*s.  Organisms  of  the  pleuropneumonia 
group  are  pathogenic  for  various  species  of  animals  other  than  bovines. 
Agalactia  of  sheep  and  goats  is  another  serious  disease  due  to  these  organisms 
which  occurs  outside  of  the  United  States.  Organisms  resembling  the  bovine 
pleuropneumonia  organism  have  been  isolated  from  rats,  mice,  dogs,  human 
beings,  chickens,  guinea  pigs  (probably),  raw  sewage  in  London,  soil  and  com¬ 
post  in  Germany,  and  bacterial  cultures.  More  detailed  discussions  of  the 
sources  and  properties  of  these  organisms  are  given  in  reviews  by  Sabiid® 
and  Dienes,  Ropes,  Smith,  Madoff,  and  Bauer.® 

We  will  deal  mainly  with  the  reported  instances  of  isolation  of  PPLO 
from  human  beings,  and  cite  some  of  the  conditions  in  which  they  have  been 
found.  The  isolation  of  these  organisms  from  a  suppurating  Bartholin’s  gland 
by  Dienes  and  EdsalP  in  1937  was  the  first  report  of  the  cultivation  of  such 
organisms  from  a  per-son.  Later  Randall,  Stein,  and  Ayres'^  reported  isolating 
PPLO  in  pure  culture  from  a  tubo-ovarian  abscess.  Many  investigators  have 
isolated  PPLO  from  cervical  and  vaginal  secretions.  Dienes,  Ropes,  Smith, 
Madoff,  and  Bauer®  and  Randall,  Stein,  and  Ayres’^  reported  the  organisms 
present  in  the  cervices  of  26  per  cent  of  a  total  of  514  women  examined. 
Dienes  and  Smith®  stated,  “It  is  apparent  that  the  pleuropneumonia-like  or¬ 
ganisms,  like  many  other  bacteria,  may  live  in  the  female  genital  tract  without 
causing  any  obvious  pathology;  but  the  evidence  strongly  suggests  that  they 
are  capable  of  acting  as  pathogenic  agents,  either  alone  or  in  combination 
with  other  bacteria.  ...”  Beveridge^  also  thought  that  the  pleuropneumonia¬ 
like  organisms  (PPLO)  were  saprophytes  of  the  female  genitalia  which  under 
proper  conditions  can  cause  a  urethritis  in  the  male. 
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While  this  paper  was  in  jiress,  Carlson,  S])ect()r,  and  Douf^las'^*’  reported 
the  isolation  of  PPLO  from  the  blood  cultures  of  three  boys  rauf^inj;  in  ajje 
from  3  to  8  years.  Two  of  the  i)atients  had  jiurpura  and  one  had  a  history  of 
a  human  bite.  The  third  case  terminated  fatally  with  a  brain  abscess. 

Schaub  and  Guilbeau*®  isolated  the  organisms  from  the  postpartum  uterus 
in  1.5  per  cent  of  112  women.  However,  PPLO  were  isolated  only  once  from 
thirty-two  patients  who  had  not  been  treated  previously  with  penicillin,  while 
PPLO  were  isolated  from  sixteen  of  eighty  patients  who  had  been  treated 
previously.  One  strongly  suspects  that  during  penicillin  therapy  some  or¬ 
ganisms  dis.sociate  into  the  pleuropneumonia  type,  or  L  form,  of  organism  be¬ 
cause  Dienes  has  demonstrated  this  effect  in  vitro  with  numerous  organisms. 
He^  produced  L-type  colonies  for  Proteus  vulgaris  by  means  of  penicillin,  and 
expressed  the  view  that  L-type  colonies  may  be  the  end  stage  in  the  S  and  R 
transformation  of  bacteria.  However,  if  the  L-type  colonies  arise  from  R  ele¬ 
ments  in  bacterial  cultures  during  the  S  to  R  transformation,  it  gives  credence 
to  the  view  of  Hadley®  who  stated  in  1937  that  ‘^the  rough  phase  culture  ap¬ 
pears  to  represent  the  culmination  of  progressive,  eytologieal  development, 
and  from  which  (probably  through  the  liberation  of  gonidia)  the  new  cycle 
starts”  in  the  bacterial  species  microphyte.  Smith,  Hudd,  and  Hillier*’  regard 
“the  minute  cell  of  pleuropneumonia-like  variants  as  dedifferentiated  forms 
that  have  failed  to  maintain  some  essential  differentiating  factor  or  factors.” 
Weinberger,  Madoff,  and  Dienes^’  succeeded  in  producing  the.  L-type  colonies 
from  Shigella  strains.  Salmonella  and  Shigella  strains  recently  isolated  from 
patients  dissociated  more  readily  to  L-type  colonies  than  did  older  laboratory 
strains.  The  numerous  studies  by  Dienes  have  been  summarized  in  a  previous 
paper  by  Leberman,  Smith,  and  Morton."  More  recently  Dienes,  Weinberger, 
and  Madoff^  have  described  the  production  of  the  L-type  colonies  for  the 
typhoid  bacillus  by  exposing  the  bacilli  to  the  action  of  antityphoid  serum 
and  guinea  pig  complement.  In  addition,  Salmonella  typhosa  and  Salmonella 
typhimurium  produced  the  L-type  colonies  under  the  influence  of  carboxyl- 
methoxylamine. 

The  production  of  variants  which  resemble  PPLO  from  many  bacteria  by 
exposure  to  penicillin  led  Smith,  Morton,  and  Leberman*®  to  investigate  the 
use  of  selective  bacteriostatic  agents  to  sui)press  the  growth  of  bacteria  when 
they  are  present  with  PPLO  in  clinical  material.  PPLO  were  not  inhibited  in 
liquid  media  by  crystal  violet,  0.001  per  cent  concentration,  which  inhibits 
most  gram-positive  organisms,  nor  by  potassium  tellurite,  0.002  per  cent  con¬ 
centration,  which  inhibits  most  gram-negative  organisms.  The  presence  of 
both  chemicals  in  the  culture  medium  appears  to  inhibit  the  growth  of  both 
gram-positive  and  gram-negative  organisms  while  permitting  the  growth  of 
PPLO.  On  the  basis  of  these  observations,  a  selective  medium,  an  enrichment 
broth,  was  formulated  which  is  described  later. 

The  importance  of  suppressing  the  growth  of  bacteria  while  permitting 
growth  of  PPLO  from  clinical  material  is  exemplified  by  the  numerous  in- 
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stances  in  which  PPLO  have  been  encountered  in  “mixed”  infections  or  as¬ 
sociated  with  numerous  l)acteria  as  in  saliva.  Dienes  and  Smith*  recovered 
PPIjO  and  dij)htheroids  from  the  pus  expressed  from  the  tubes  of  a  patient 
with  salpingitis.  Klieneberger-NobeP*  reported  isolating  PPLO  in  nineteen 
vaginal  cultures  of  forty-five  i)atients  with  a  vaginal  discharge.  PPLO  have 
been  isolated  more  frequently  from  the  genitourinary  tract  when  a  venereal 
disease  was  present’"  or  some  inflammatory  condition  existed.’^  The  possi¬ 
bilities  of  a  relation.ship  with  venereal  disease  may  be  more  apparent  than  real 
since  an  opportunity  to  culture  for  PPLO  was  afforded  by  the  presence  of  the 
individuals  in  the  clinics  because  of  a  suspected  pathologic  condition.  More 
work  needs  to  be  done  with  normal,  healthy  individuals.  This  is  suggested 
by  Klieneberger-Nobel’s  finding  PPLO  present  in  only  seven  of  fifty  pregnant 
women  and  twelve  of  thirty-six  patients  attending  a  gynecologic  clinic.  It  is 
not  known  if  pregnancy  exerts  any  effect  on  the  ability  of  PPLO  to  become 
established  in  the  female  genital  tract.  However,  an  inflammatory  condition 
appeal’s  to  favor  the  establishment  of  these  organisms.  Salaman  and  collabo¬ 
rators’^  found  PPLO  in  the  urethral  discharge  of  34  per  cent  of  patients  with 
gonorrhea  as  compared  with  an  incidence  of  7  per  cent  in  primary  nonspecific 
urethritis  and  6  per  cent  in  post  gonococcal  urethritis.  Randall,  Stein  and 
Ayres’^  isolated  PPLO  from  51  per  cent  of  seventy-six  women  having  inflam¬ 
matory  diseases  of  the  genital  tract  as  compared  to  17  per  cent  of  224  women 
having  noninflammatory  diseases  of  the  genital  tract. 

PPLO  have  been  cultured  from  the  male  genitourinary  tract  but  less 
frequently  than  in  the  case  of  women.  Beveridge^  found  them  in  four  of 
twenty-four  cases  of  nongonococcal  urethritis  and  Salaman  and  collaborators’^ 
found  them  in  four  of  twenty-eight  men  who  showed  no  evidence  of  urethritis. 
Beveridge,  Campbell,  and  Lind*”  found  them  in  fourteen  (20  per  cent)  of 
seventy-one  men  with  nonspecific  urethritis.  They  failed  to  find  them  in 
urethral  cultures  of  sixty-seven  normal  male  medical  students. 

Dienes,  Ropes,  Smith,  Madoff,  and  Bauer'  pointed  out  that  PPLO  have 
not  been  cultivated  from  human  beings  from  sites  other  than  the  genitourinary 
tract  in  spite  of  numerous  attempts,  and  they  stated  that  perhaps  the  discov¬ 
ery  of  more  appropriate  media  will  demonstrate  their  presence  outside  of  the 
genitourinary  tract,  Sabin  and  Johnson’®  cultured  material  from  the  nose, 
throat,  and  conjunctiva  (in  most  cases)  of  100  individuals,  the  majority  of 
whom  were  less  than  15  years  of  age,  and  failed  to  find  any  colonies  w’hich 
resembled  those  of  PPLO.  Cultures  from  fifty-eight  pairs  of  excised  tonsils 
yielded,  in  three  cases,  peculiar  colonies  (“X”  colonies)  which  were  similar 
to  those  of  PPLO.  These  could  not  be  subcultured,  and  their  nature  remains 
unknown.  Our  studies  of  PPLO  were  concerned  first  with  the  nutritional  re¬ 
quirements  and  conditions  of  cultivation  of  these  organisms.  Morton,  Smith, 
and  Leberman’-  described  a  medium  which  can  be  |)repared  from  dehydrated 
ingredients  and  has  the  highly  desirable  characteristics  of  being  clear  and 
colorless.  These  properties  are  important  because  the  very  small  colonies  of 
PPLO  are  detected  by  microscopic  examination  of  the  Petri  dish  cultures. 
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The  present  report  of  finding  PPLO  in  the  saliva  of  forty-six  of  one  hun¬ 
dred  individuals  not  only  is  the  first  detection  of  these  organisms  in  great  in¬ 
cidence  in  human  beings  outside  of  the  genotourinary  tract,  but  it  also  raises 
many  questions  concerning  the  distribution  and  mode  of  dissemination  of  these 
organisms. 

MATERIAL  AXD  METHODS 

Medium. — The  jilating  medium  employed  in  these  studies  was  Baeto-PPLO 
agar,  experimental,  obtainable  from  the  Difco  Laboratories.  Like  all  other 
media  for  propagating  PPLO,  it  must  be  supplemented  with  proteinaceous  ma¬ 
terial  such  as  human  ascitic  fluid  (25  per  cent),  mammalian  serum  (10  per  cent), 
or  the  fraction  of  serum  (1  per  cent)  described  by  Smith  and  Morton.^®  In 
these  studies  we  employed  25  per  cent  Bacto-ascitic  fluid.  Each  liter  of  the 
basal  medium  contains  the  infusion  from  50  Om.  of  Bacto-beef  heart  for  in¬ 
fusion.  10  Gm.  Bacto-peptone,  5  Gm.  sodium  chloride,  and  15  Gm.  agar,  if  the 
enrichment  is  to  lie  ascitic  fluid  or  serum.  If  the  enrichment  is  to  be  the  serum 
fraction,  only  12  Gm.  of  agar  are  required.  The  pH  of  the  medium  is  7.8 
before  sterilization  in  the  autoclave  at  121°  C.  for  15  minutes. 

Incubation  of  the  Petri  dish  cultures  was  carried  out  for  48  to  72  hours 
at  37°  C.  under  aerobic  conditions.  It  was  observed  previously  that  growth 
of  PPLO  was  enhanced  under  anaerobic  conditions  with  certain  other  media 
only  if  the  culture  medium  was  deficient  in  some  respect.  The  presence  of  10 
per  cent  added  carbon  dioxide  was  inhibitory  to  some  strains^®  which  is  in 
line  with  the  biochemical  studies  reported  by  Warren.^^ 

Bacterial  contamination  is  very  troublesome  on  a  medium  so  highly  nu¬ 
tritional  as  that  required  for  cultivation  of  PPLO,  especially  since  the  cultures 
have  to  be  incubated  for  a  minimum  of  36  to  72  hours.  To  suppress  the  growth 
of  bacteria  while  culturing  clinical  material  for  PPLO,  we  have  employed  an 
enrichment  broth  containing  selective  bacteriostatic  agents  to  suppress  both 
gram-positive  and  gram-negative  organisms.  The  selective  medium  for  grow¬ 
ing  PPLO,  and  at  the  .same  time  .suiipressing  growdh  of  bacteria,  consists  of 
the  infusion  of  50  Gm.  Bacto-beef  heart  for  infusion,  10  Gm.  Bacto-peptone, 
5  Gm.  sodium  chloride,  and  0.01  Gm.  crystal  violet  in  each  liter.  The  pH  is 
adjusted  to  7.8  before  sterilization  in  the  autoclave  at  121°  C.  for  15  minutes. 
(This  was  obtainable  from  the  Difco  liaboratories  as  Bacto-PPLO  Enrichment 
Broth,  P^xperimental.)  To  each  liter  of  the  sterile  enrichment  broth  is  added 
aseptically  0.025  Gm.  potassium  tellurite  (0.57  ml.  Bacto-Ghapman  tellurite 
solution).  Before  using,  the  medium  is  dispensed  into  sterile  test  tubes,  usu¬ 
ally  in  about  5  ml.  amounts,  and  ascitic  fluid  added  to  the  final  concentration 
of  25  per  cent.  If  growth  of  the  numerous  bacteria  in  saliva  had  not  been 
suppressed,  detection  and  isolation  of  PPLO  from  saliva  would  have  been 
difficult  and  in  many  cases  impossible. 

Saliva. — Since  samples  of  saliva  are  received  daily,  from  a  variety  of  human 
beings,  at  the  Garies  Gontrol  Laboratory  of  the  School  of  Dentistry,  plans  were 
made  to  stu<ly  the  iiossibility  of  isolating  PPLO  from  these  specimens  employ¬ 
ing  the  enrichment  broth.  A  few  of  the  samples  were  from  members  and  .stu- 
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dents  in  the  l)ei)artment  of  Bacteriology  in  the  School  of  Medicine.  Specimens 
were  obtained  by  chewing  a  pellet  of  sterile  unsweetened  paraffin  or  gum 
about  10  mm.  square  and  4  mm.  thick  for  three  minutes  and  collecting  the 
saliva  in  a  sterile  bottle.  In  most  cases  this  was  done  upon  awakening  in  the 
morning  before  eating,  drinking,  or  putting  anything  in  the  mouth. 

Lactobacillus  Counts. — The  specimens  of  saliva  w^ere  shaken  on  a  Boerner 
shaking  machine  for  15  minutes,  then  1  ml.  was  transferred  by  means  of  a 
sterile  1  ml.  pipette  to  4  ml.  of  Bacto-brain  heart  infusion  broth  (containing 
0.2  per  cent  dextrose)  pH  5.0  to  make  a  1 :5  dilution  of  the  saliva.  The  same 
pipette  was  used  to  mix  thoroughly  the  saliva  with  the  broth  by  drawing  into 
and  expelling  the  mixture  from  the  pipette  several  times  and  then  transferring 
O.l  ml.  to  the  surface  of  a  plate  of  tomato  juice  agar,  pH  5.0.®  The  inoculum 
was  spread  evenly  over  the  surface  of  the  medium  by  means  of  a  sterile  bent 
glass  rod.  A  second  dilution  ( 1 :50)  was  made  by  mixing  1  ml.  of  the  1 :5  dilu¬ 
tion  with  9  ml.  of  the  Bacto-brain  heart  infusion  broth  and  0.1  ml.  w’as  inocu¬ 
lated  onto  a  plate  of  tomato  juice  agar  as  described.  The  two  plates  and  the 
tube  containing  the  1 :5  dilution  were  incubated  for  72  hours  at  37°  C.  The 
plates  were  examined  for  lactobaeilli  by  placing  them  on  a  Frost’s  plate  count¬ 
ing  card  on  the  stage  of  a  wide-field  binocular  microscope,  using  lOx  oculars 
and  0.7x  objectives.  Illumination  was  by  reflected  white  light  with  a  daylight 
filter.  The  plate  showing  the  best  distribution  of  colonies  (100  to  400)  w'as 
counted,  and  the  counts  were  recorded  as  the  number  of  lactobaeilli  per  milliliter 
of  original  saliva  .sample.  If  no  colonies  of  lactobaeilli  were  present  on  the 
plate  inoculated  with  the  1 :5  dilution  of  saliva,  the  incubated  broth  tube  was 
used  as  the  .source  of  an  inoculum  wffiich  was  .spread  on  a  tomato  juice  agar 
plate  as  described,  and  the  plate  was  incubated  for  72  houi*s  at  37°  C.  The 
pre.sence  of  typical  colonies  of  lactobacillus  on  this  plate  indicated  that  lacto- 
l)acilli  were  present  in  low’  numbei’s  in  the  original  saliva  sample,  approx¬ 
imately  less  than  50  per  milliliter. 

Isolation  of  Pleuropneumonia-like  Orgatiisms. — After  the  sample  w’as  thor¬ 
oughly  mixed  by  shaking,  0.1  ml.  was  transferred  to  a  tube  of  Bacto-PPLO  en¬ 
richment  broth  and  incubated  for  48  hours  at  37°  C.  The  culture  was 
thoroughly  mixed  and  0.1  ml.  transferre<l  to  a  plate  of  Bacto-PPLO  agar  en¬ 
riched  with  ascitic  fluid.  The  inoculum  was  spread  uniformly  over  the  sur¬ 
face  »)f  the  medium  with  a  .sterile  bent  glass  rod  and  then  incubated  at  37°  (’. 
for  48  hours.  The  plates  were  examined  under  the  microscope  using  the  low- 
power  objective. 

(Jrowth  of  PPLO  on  solid  medium  is  recognized  by  the  characteristic  col¬ 
onies  which  are  0.2  mm.  or  less  in  diameter,  grow’  into  the  medium,  cannot  he 
wiped  off  the  medium  by  drawing  an  inoculating  loop  over  the  surface  of  the 
medium  as  can  bacterial  colonies,  and  stain  by  the  method  of  Dienes,  In  ad¬ 
dition,  those  strains  from  animals  retpiire  in  the  medium  a  high  concentration 
of  ascitic  fluid,  serum,  or  serum  component.’®  (Jiem.sa’s  stain  or  the  technic 
of  Dienes  is  usually  emi)loyed  to  demonstrate  the  organi.sms  in  the  colonies 
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since  the  organisms  do  not  stain  with  the  usual  aniline  dyes.  In  case  there 
was  any  doubt  about  the  identity  of  the  small  colonies,  some  of  the  colonies 
were  stained  by  the  method  of  Dienes. 

The  method  of  staining  the  colonies  of  PPLO  was  that  described  by  Dienes 
and  modified  by  him  (personal  communication)  as  follows.  A  film  of  stain, 
containing  2.5  Gm.  methylene  blue,  1.25  Gm.  azure  IT,  10  Gm.  maltose,  and 
0.25  Gm.  sodium  carbonate  in  100  ml.  water,  is  placed  on  a  clean  cover  slip  with 
a  cotton  applicator.  The  stain  should  be  as  light  as  is  consistent  with  satis¬ 
factory  staining  of  the  culture.  The  stained  cover  slips  are  allowed  to  dry. 
These  can  be  stored  indefinitely.  Agar  blocks  about  1  cm.  .square  are  cut  out 
of  the  culture  from  areas  containing  .suspected  colonies  of  PPLO  and  placed 
colony  side  up  on  a  clean  glass  slide.  A  stained  cover  slip  is  then  placed  gently, 
stain  side  down,  onto  the  agar  block  and  sealed  with  hot  paraffin.  The  stain¬ 
ing  is  complete  within  a  few  minutes.  Bacterial  colonies  rapidly  decolorize 
the  stain,  whereas  the  colonies  of  PPLO  retain  the  stain  and  appear  blue  upon 
examination  under  the  low  power  of  the  microscope. 


Table  I 

Results  of  Culturing  110  Samples  of  Saliva  From  100  Individuals  for  Pleuropnei^monia- 
’  Like  Organisms  (PPLO)  and  Lactobacilli 


SEX 

NEGATIVE  FOR  POSITIVE  FOR 

AGE  RANGE  PPLO  PPLO 

IJVCTOBACILLUS  COUNT 

PER  ML.  OF  SAUVA 

M 

6-52 

7 

2 

Greater  than  50,000 

F 

3-40 

11 

11 

M 

8-52 

3 

O 

10,000  to  50,000 

F 

3-45 

5 

4 

M 

6-34 

2 

4 

1,000  to  10,000 

F 

10-50 

5 

8 

M 

9-13 

o 

50  to  1,000 

F 

4-38 

6 

2 

M 

6-37 

2 

3 

Less  than  50 

F 

5-33 

5 

7 

M 

9-43 

10 

5 

Contaminated  or  not 

F 

18-42 

3 

1 

done 

Total 

59 

51 

The 

colonies  of 

PPLO  from 

RESULTS 

saliva  resembled 

those  isolated  from  the 

genitourinary  tract  by  Leberman,  Smith,  and  Morton.  The  results  of  cultur¬ 
ing  110  samples  of  .saliva  from  100  individuals  are  summarized  in  Table  1. 
Fifty-one  of  the  110  samples  of  saliva  were  positive  for  PPLO.  Twenty- 
eight  of  sixty  women  and  eighteen  of  forty  men  were  positive. 

DISCUS.SION  AND  SUMMARY 

Little  is  known  about  the  role  of  pleuropneumonia-like  organisms  in  dis¬ 
eases  of  human  beings  and  still  less  is  known  about  the  dissemination  of 
these  organisms  among  people. 

Pleuropneumonia-like  organisms  have  now  been  detected  in  saliva.  This 
is  the  first  report  of  these  organisms  being  present  in  high  incidence  in  a  re¬ 
gion  of  the  human  body  outside  of  the  genitourinary  tract. 
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One  hundred  individuals  were  studied  of  whom  sixty  were  female  and 
forty  were  male.  The  saliva  of  forty-six  of  these  individuals  yielded  PPLO 
upon  culturing.  Of  the  sixty  female  subjects  cultured,  twenty-eight  or  46.6 
per  cent  were  positive  for  PPLO.  Of  the  40  male  subjects  cultured,  eighteen 
or  45  per  cent  were  positive  for  PPLO.  There  appeared  to  be  no  correlation 
between  the  lactobacillus  count  and  the  presence  of  PPLO. 

An  enrichment  broth  medium  is  described  which  selectively  inhibits  both 
gram-negative  and  gram-positive  bacteria  and  permits  growth  of  PPLO. 
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TIIK  OCCrRRKXCP:  OF  MICROCOCCUS  LACTIIA'TICUS  IN  THP^ 
DENTOBACTERIAC  PLAQUE 

J.  J,  ENNEVER 

The  University  of  Kansas  City,  School  of  Dentistry,  Kansas  City,  Mo. 

Hall  and  Howitt,^  in  1925,  isolated  from  human  saliva  a  small  gram-nega¬ 
tive,  anaerobic  coccus  term.ed  Micrococrus  gazogenes.  They  believed  the 
microorganism  to  be  the  Micrococcus  gazogenes  alcalescens  previously  reported 
by  Lewkowicz.  Prevot,*^  in  his  review  of  the  anaerobic  cocci,  placed  this  bac¬ 
terium  in  the  genus  Veillonella  because  of  its  apparent  gram-negative  staining. 
Foubert  and  Douglas^  presented  evidenee  to  indicate  that  the  micrococcus  of  Hall 
and  Howitt  was  the  same  as  their  newly  named,  lactate-utilizing  Micrococcus 
lactilyticus  recovered  from  diseased  and  normal  tonsils.  They  justified  the  gen¬ 
eric  designation  since  the  organism  proved  to  be  gram-positive  in  young  culture. 
Langford,  Faber,  and  Pelczar’  obtained  anaerobic  gram-negative,  lactate-fer¬ 
menting  diplococci  from  the  saliva  of  clinically  normal  subjects.  Examination 
of  reference  cultures  disclosed  the  marked  similarity  of  their  strains  and  two 
strains  of  M.  lactilyticus  received  from  Foubert.  Since  they  failed  to  obserxe 
a  gram-positive  staining  with  eight-hour  cultures  of  M.  lactilyticus,  Langford, 
Faber,  and  Pelczar  took  issue  with  the  nomenclature  proposed  by  Foubert  and 
Douglas,  proposing  that  the  organism  be  included  among  the  Veillonella. 
Douglas^  has  recently  shown  that  M.  lactilyticus  occurred  in  large  numbers  in 
human  saliva.  It  would  appear,  therefore,  that  although  discrepancies  of  ter¬ 
minology  based  upon  staining  reaction  exist,  the  occurrence  of  a  lactate-utilizing 
anaerobe  in  human  saliva  has  been  established. 

Douglas*  stated,  “Whether  the  biochemical  activity  of  M.  lactilyticus  .  .  . 
is  a  significant  factor  in  deterring  the  production  of  dental  caries  is  not  known, 
but  the  question  deserves  the  attention  of  those  interested  in  this  particular 
problem.” 

As  a  foundation  for  studying  any  relationship  which  might  exist  between 
dental  caries  and  M.  lactilyticus,  it  is  first  essential  to  detemine  if  the  lactate- 
fermenting  anaerobe  is  present  in  the  dentobacterial  plaque;  for  it  is  the  platpie 
flora  and  not  that  of  whole  saliva  which  is  operable  in  cariogenesis.  In  addition, 
if  this  microorganism  should  prove  to  be  a  component  of  the  plaijue  flora,  its 
staining  eharacteristics  should  be  clarified  for  the  purpose  of  i)roper  classifica¬ 
tion. 

MATERIALS  AND  METHODS 

Placjues  aseptically  harvested  from  jmsterior  interproximal  dental  surfaces 
of  eighteen  clinically  normal  subjects  were  serially  streaked  on  a  medium  at 
pH  7.1  composed  of  yeast  extract,  0.5  per  cent;  smlium  lactate,  1.0  per  cent; 

Received  for  publicHtion,  Dec.  21,  1950. 


423 


424 


knnp:vp:k 


J.  D.  Res. 
June,  1951 


and  afrar,  1.5  per  cent.  Tlie  plates  were  ineubatcd  anaerobically  (95  per  cent 
hydrosren,  5  i)er  cent  carbon  dioxide)  at  35°  for  forty-cisjiht  hours.  Isolation 
cultures  were  maintained  on  slants  of  the  medium  handled  in  a  similar  manner. 

Biochemical  characteristics  were  determined  after  thirty  hours  from  culti¬ 
vations  made  with  variations  of  the  ^ledium  A  as  described  and  used  by  Foubert 
and  Douglas.®  The  procedures  emjiloyed  w’ere  those  outlined  in  the  manual  of 
Methods  for  Pure  Culture  Study.^ 

For  the  purpose  of  determining  staining  (jualities,  the  organisms  were  grown 
anaerobically  in  yeast  extract-lactate  broth  at  pH  7.1  for  twenty-four  hours  and 
transferred  by  loop  to  agar  slants  of  the  same  medium.  After  four  hours,  and 
at  intervals  of  two  horn’s  thereafter,  smears  were  prepared  from  saline  suspen¬ 
sions  of  the  growth  and  examined  following  Mucker’s  modification  of  the  (Jram 
stain. 

RESULTS 

All  i)la(iue  cultivations  consistently  yielded  large  numbers  of  colonies  with 
the  following  characteristics;  circular,  0.7  to  1.0  mm.  diameter,  low  convex, 
amorphous,  smooth,  entire  edge,  white  (reflected  light),  opaque,  soft,  undiffer¬ 
entiated,  and  easily  emulsified.  The  cells  were  nonmotile  cocci  with  diameters 
of  approximately  0.5  micron.  They  occurred  singly,  in  pairs,  tetrads,  and  irreg¬ 
ular  clusters.  The  pertinent  biochemical  tests  were  positive  for  hydrogen  sulfide, 
nitrate  reduction,  and  lactate  utilization;  the  tests  were  negative  for  dextrose 
utilization,  indole,  and  gelatin  liquefaction. 

The  four-hour  Mucker  modified  (tram  smears  yielded  gram-positive  stain¬ 
ing.  At  six  and  eight  hours,  both  gram-positive  and  gram-negative  cells  were 
observed  on  all  slides.  At  twelve  hours  very  few  cells  were  gram-positive.  For 
cultivation  time  in  excess  of  twelve  hours,  uniformly  gram-negative  reactions 
were  observed. 

DISCUSSION’ 

It  has  been  established  by  ])revious  workers  that  a  small,  anaerobic,  lactate¬ 
utilizing  coccus  is  present  in  human  saliva.  Classification,  based  upon  (Jram 
staining,  has  not  yet  been  standardized. 

The  results  of  this  study  have  indicated  that  the  lactate-utilizing  micro¬ 
organism  referred  to  in  the  earlier  literature  is  a  consistent  component  of  the 
dcntobacterial  pla<pie.  Since  the  bacterium  utilizes  one  of  the  end  products 
of  the  acidogenic  flora  concerned  with  the  initiation  of  dental  caries,  it  would 
appear  that  an  investigation  of  a  jmssible  relationship  to  dental  caries  has  lieen 
indicated.  The  contention  of  Langford,  Faber  and  Pelczar  that  the  oral  lactate- 
fermenting  anaerobe  Ik?  included  with  the  Veillonella  is  hardly  justified.  Al¬ 
though  of  short  duration,  a  very  definite  gram-positive  phase  of  grow'th  has  been 
demonstrated.  Therefore,  the  rationale  for  the  designation,  M.  lactilyticus, 
proposcil  l)y  Foubert  and  Douglas  was  substantiated. 

SUMMARY 

M.  lactilyticus  was  found  to  Ik*  a  consistent  component  of  dcntobacterial 
placjues  from  clinically  normal  subjects. 
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A  f?ram-positive  reaction  was  demonstrated  with  young  cultures  of  the 
microorganism,  confirming  the  work  of  Foubert  and  Douglas  which  had  been 
contested  by  Langford,  Faber,  and  Pelczar. 
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THE  YEASTS  OF  THE  NORMAL  MOUTH  AND  THEIR 
RELATION  TO  SALIVARY  ACIDITY 
G.  YOUNG,  H.  G.  RESCA,  AND  M.  T.  SULLIVAN 
Department  of  Biology,  Boston  University,  Boston,  Mass. 

Yeasts  are  frequently  isolated  from  the  oral  cavity,  but  opinions  differ  as 
to  whether  they  should  he  regarded  as  regular  components  of  the  normal 
mouth  flora.  Tanner,  Lampert,  and  Lampert^  identified  “yeast-like  fungi”  in 
only  10  per  cent  of  normal  throats,  and  Todd^  reported  an  incidence  very 
slightly  higher  (14.7  per  cent)  in  throat  and  mouth  cultures.  Knighton,®  on 
the  other  hand,  found  yeasts  in  T2.5  per  cent  of  dentate  mouths,  and  a  still 
greater  frequency  in  persons  who’ were  fully  edentulous  or  wearing  partial 
dentures. 

Higher  than  any  of  the  figures  reported  for  adults  are  those  of  Epstein,^ 
who  worked  with  infants  and  young  children.  Among  2-  to  6-week-old  in¬ 
fants,  54  per  cent  were  positive  for  yeasts;  in  the  6-week  to  1 -year-old  group, 
46.5  per  cent  were  positive;  and  in  the  1-  to  6-year-old  group,  38.5  per  cent 
harbored  the  organisms  in  mouths  or  throat.s. 

A  possible  relationship  between  yeasts  and  acid  production  in  the  mouth 
was  .suggested  some  years  ago  by  Fosdick  and  Hansen.®  These  workers  incu¬ 
bated  powdered  enamel  with  saliva  in  vitro,  and  found  that  when  the  saliva 
contained  Lnctohacillus  acidophilus  alone,  the  enamel  was  not  dissolved,  but 
when  “a  yeast  isolated  from  the  mouth”  was  added,  sufficient  acid  was  pro¬ 
duced  to  di.s.solve  the  enamel.  In  a  later  paper,®  these  authors  reported  that 
of  “six  typical  mouth  organisms”  tested,  yeast  and  L.  acidophilus  were  more 
active  than  any  of  the  others  in  reducing  pyruvic  acid  to  lactic  acid. 

The  present  investigation  was  undertaken  to  establish  the  incidence  of 
yeastlike  organisms  in  the  mouths  of  a  grou))  of  healthy  young  adults;  to  deter¬ 
mine  their  numbers,  kind,  and  ])ersistence ;  and  to  find  whether  there  was  a 
relationship  between  their  ])resence  in  the  mouth  and  any  marked  alkalinity 
or  acidity  of  the  saliva. 

METHODS 

The  subjects  were  healthy  college  students,  with  ai)i)roximately  equal  num¬ 
bers  of  men  and  women  represented.  All  tests  were  done  about  three  hours 
after  the  previous  meal  (range:  two  and  one-half  to  four  hours)  in  order  to 
eliminate,  as  far  as  possible,  the  effects  of  food. 

Several  methods  for  taking  cultures  of  yeasts  were  tried,  but  the  highest 
number  of  positives  was  obtained  by  a  procedure  .similar  to  that  used  in  mak¬ 
ing  counts  of  lactobacilli.  The  subjects  chewed  paraffin  and  collected  5  ml.  of 
saliva  in  a  sterile  tube.  One-tenth  of  a  milliliter  of  the  saliva  was  transferred 
by  sterile  pipette  to  the  surface  of  a  plate  of  Sabouraud’s  agar,  and  spread 
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evenly  with  a  sterile,  blunt  glass  rod.  The  plates  were  incubated  at  37°  (’.  ’ 

for  three  days,  and  negative  plates  reincubated  for  an  additional  twenty-four 
hours  before  discarding.  In  cases  where  the  colony  count  was  high,  the  test  ;  * 

was  repeated,  using  a  1 :5  dilution  of  the  saliva.  1 1 

The  plates  were  counted,  and  a  pure  culture  was  isolated  from  a  colony  on  j 

each  plate.  In  only  one  instance  was  there  any  variety  in  the  appearance  of 
the  yeast  colonies  on  a  single  plate ;  in  that  ease,  two  types  were  isolated,  and  | 

proved  to  be  different  species  of  Candida.  The  procedure  used  for  identifica-  I 

tion  of  Candida  species  was  that  of  ^lartin  and  Jones.^  i 

Preliminary  studies  of  salivary  pH  showed  that  although  in  many  subjects  I 

the  pH  was  regularly  between  6.5  and  7.0,  in  other  individuals  it  was  char-  I 

acteristically  more  alkaline  (7.0  or  above),  or  more  acid  (below'  6.5).  Since  j 

the  purpose  of  this  study  was  to  determine  the  relation,  if  any,  between  the  | 

presence  of  yeasts  and  any  marked  alkalinity  or  acidity  of  the  saliva,  a  rapid  | 

method  for  separating  the  “more  alkaline”  from  the  “more  acid”  salivas  was  I 

sought.  It  is  well  known  that  saliva  increases  in  alkalinity  on  expo.sure  to 
air,  and  Krasnow*  has  shown  that  stimulation  of  salivary  flow  (e.g.,  by  chewing 
paraffin)  also  raises  the  pH.  The  most  reliable  results  should,  therefore,  be 
obtained  from  measurements  made  in  situ  on  unstimulated  saliva. 

Nitrazine  indicator  paper  (Squibb)  was  chosen  for  this  purpose,  since  it 
shows  easily  recognized  color  differences  at  one-half  pH  intervals  from  4.5  to 
7.5,  approximately  the  range  of  saliva.  One  end  of  the  strip  of  paper  was  in-  I 

serted  under  the  tongue  of  the  subject,  wet  with  saliva,  withdrawn,  and  read  ! 

after  one  minute.  The  accuracy  of  the  method  was  checked  by  collecting 
twenty-five  samples  of  unstimulated  saliva  in  sterile  tubes  and  testing  immedi¬ 
ately  with  a  Beckman  pH  meter.  The  results  were  compared  with  those  ob¬ 
tained  by  the  nitrazine  paper  method,  and  excellent  correlation  was  obtained. 

RESULTS 

Yeasts  were  cultivated  from  284  (48.6  per  cent)  of  584  subjects  tested. 

The  incidence  was  slightly  higher  in  men  than  in  women,  with  52  per  cent 
yeast-positive  cultures  in  the  male  group,  and  46  ])er  cent  in  the  female  group. 

The  majority  of  the  counts  were  below  1,000  per  milliliter  wdth  the  high 
counts  ranging  widely  between  1,000  and  10,000  i)er  milliliter.  The  quantita¬ 
tive  results  are  summarized  in  Table  I. 

To  determine  whether  these  organisms  were  casual  contaminants  or  more 
permanent  inhabitants  of  the  oral  cavity,  3(K)  subjects  were  retested  at  the 
end  of  a  month,  and  again  at  the  end  of  two  months.  Eighty-five  i)er  cent  of 
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the  yeast-positive  group  gave  positive  cultures  after  one  month,  and  79  per  cent 
were  still  positive  after  two  months.  Each  time  a  group  was  retested,  a  few  of 
the  yeast-negative  subjects  became  positive,  so  the  total  percentage  of  yeast- 
positives  remained  fairly  constant. 

Of  285  yeasts  isolated  in  pure  culture,  267  (93.8  per  cent)  proved  to  be 
Candida  albicans.  Five  other  strains  of  Candida  and  two  of  Cryptoeoceus  were 
found.  These  results  are  shown  in  Table  II.  Two  strains  of  Candida  differed 
in  fermentation  reactions  from  any  species  hitherto  described. 


Table  II 

Classification  of  Yeasts  Isolated  From  Normal  Mouths 


IDENTIFICATION 

NUMBER 

PER  CENT 

OF  TOTAL 

Candida  albicans 

267 

93.8 

Candida  tropicalis 

6 

2.1 

Candida  stellatoidea 

4 

1.4 

Cryptococcus  sp. 

3 

1.1 

Cryptococcus  sp. 

2 

0.7 

Candida  pseudotropicalis 

1 

0.3 

Candida  sp. 

1 

0.3 

Candida  sp. 

1 

0.3 

Salivary  acidity  ranged  from  ])H  5.0  to  pH  7.5.  Among  584  individuals 
tested,  the  distribution  was  as  follows;  pll  5.0,  6;  pH  5.5,  44;  pH  6.0,  134; 
pH  6.5,  190;  pH  7.0,  168;  pH  7.5,  42.  (It  should  be  noted  that  pH  7.5  is  the 
upper  limit  of  nitrazine  sensitivity.) 

Some  yeasts  were  isolated  from  each  of  these  groups  of  subjects,  as  shown 
in  Fig.  1.  The  percentage  of  yeast-positive  caltures  was  considerably  higher, 
however,  in  those  with  the  more  acid  salivas.  In  the  most  acid  group,  at  pH 
5.0,  all  cultures  showed  yeasts;  at  pH  5.5,  83  per  cent  were  positive;  at  pH 
6.0,  67  per  cent ;  pH  6.5,  52  per  cent ;  pH  7.0,  29  per  cent ;  pH  7.5,  14  per  cent. 


COMMENT 

The  finding  of  oral  yeasts  in  48.6  per  cent  of  the  healthy  young  adult  popu¬ 
lation,  together  with  the  indication  that  these  organisms  are  regularly  present 
over  a  period  of  months,  would  .seem  to  establish  them  firmly  as  members  of 
the  normal  mouth  flora.  Furthermore,  since  93.8  per  cent  of  the  yeasts  isolated 
were  C.  albicans,  lists  of  typical  mouth  organisms  should  include  this  specific 
name,  and  not  the  more  general  (and  often  misleading)  term  “yeasts.” 

Fig.  1  shows  that,  in  a  group  of  healthy  adults,  yeasts  are  found  with  far 
greater  frequency  in  tho.se  with  the  more  acid  salivas;  there  is,  in  fact,  a  direct 
relationship  between  the  acidity  of  the  saliva  and  the  percentage  of  yea.st- 
positive  cultures.  Whether  this  relationship  is  one  of  cause  or  effect  cannot, 
of  course,  be  learned  from  the  jiresent  study.  (\  albicans  is  an  active  producer 
of  acid'  from  a  number  of  carb()hydrates;  most  of  the  strains  isolated  here 
caused  a  drop  in  pH  from  7.0  to  4.5  when  grown  in  1  ])er  cent  dextrose  broth 
for  seventy-two  hours.  On  the  other  hand,  this  species  grows  abundantly  in 
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media,  such  as  tomato  juice  af?ar,  which  are  already  acidified  from  other 
sources.  The  relation  between  C.  nlhicnns  and  other  acidofienic  organisms,  such 
as  L.  acidophilus,  will  be  explored  in  a  later  study. 


5.0  5.5  6.0  6.5  7.0  7.5 

pH 

I - 1  YEAST-  NEGATIVE  SALIVAS  ■■  YEAST- POSITIVE  SALIVAS 


THE  OCCURRENCE  OF  YEASTS  IN  SALIVAS  OF  DIFFERENT  ACIDITY 

FIb.  1. 


SUM. MARY 

hi  a  .series  of  584  healthy  college  students,  48.G  per  cent  showed  yeasts  in 
the  oral  cavity.  The  incidence  was  not  significantly  different  in  men  and 
women. 
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Eighty-five  per  cent  of  yeast-positive  subjects  remained  positive  after  one 
month,  and  79  per  cent  after  two  months. 

Xumbers  of  yeasts  ranged  from  10  to  10,000  per  milliliter  of  saliva,  with 
the  majority  of  specimens  showing  counts  of  1,000  or  less. 

Of  285  yeasts  isolated,  93.8  per  cent  were  identified  as  C.  albicans.  Five 
other  species  of  Candida  were  found,  and  two  of  Cryptococcus. 

Subjects  were  classified,  according  to  salivary  acidity,  at  one-half  pH  units 
from  5.0  to  7.5.  Of  584  individuals  tested,  50  showed  a  reaction  below  pll  6.0, 
and  42  above  pH  7.0. 

Yeasts  were  isolated  from  some  salivas  at  all  pH  levels ;  the  incidence  was 
considerably  higher,  however,  in  the  more  acid  salivas.  The  percentage  of 
yeast-positive  cultures  from  each  group  was  as  follows:  pH  5.0,  100  per  cent; 
pH  5.5,  83  per  cent ;  pH  6.0,  67  per  cent ;  pH  6.5,  52  per  cent ;  pH  7.0,  29  per 
cent ;  pH  7.5,  14  per  cent. 

C.  albicans  is  a  normal  inhabitant  of  the  mouth  in  approximately  one-half 
of  the  young  adult  population.  When  individuals  are  classified  according  to 
salivary  acidity,  there  is  a  direct  relation  between  the  degree  of  acidity  and 
the  incidence  of  this  organism. 
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A  SIMPLIFIED  METHOD  OF  RECOVERING  THE  ENAMEL  MATRIX 
OF  HUMAN  ADULT  TEETH 

VICTORINO  G.  VILLA,  D.D.S.,  M.S.I). 

Department  of  Oral  Ilistology  and  Pathology,  College  of  DentUstry, 

University  of  the  Philippines,  Quezon  City,  Philippines 

INTRODUCTION 

Before  World  War  II,  in  our  laboratory  we  had  lieen  following  the  technic 
of  preparing  decalcified  sections  of  teeth  as  suggested  by  Willman.'  With 
this  technic,  we  were  unable  to  recover  a  sufficient  amount  of  enamel  matrix 
suitable  for  histologic  study.  During  the  war  when  there  was  an  acute  shortage 
of  celloidin  and  other  chemical  reagents,  we  modified  the  technic  mainly  for  eco¬ 
nomic  reasons.  During  embedding,  instead  of  passing  the  dehydrated  specimen 
in  different  percentages  or  Siscosities  of  celloidin  solution,  we  used  only  12  per 
cent  solution.  After  the  specimen  had  been  immei’sed  in  the  celloidin  solution 
for  about  a  week,  we  allowed  the  alcohol  and  ether  to  evaporate  very  slowly 
until  the  celloidin  was  hard  enough  for  mounting  and  sectioning.  With  this 
modification,  we  generally  recovered  an  adequate  amount  of  the  enamel  matrix 
suitable  for  study.  In  some  of  our  slides,  we  observed  a  portion  of  the  enamel 
matrix  detached  in  toto  from  the  dentin.  This  gave  us  the  impre.ssion  that  most 
of  the  enamel  matrix  is  lost  during  processing  because  of  rough  handling  of 
the  specimen.  It  is  possible  that  the  acid  used  in  decalcification  destroys  some 
of  the  organic  constituent  of  the  enamel  as  believed  by  some  authors.*  P  have 
reported  sections  of  a  tooth  which  had  been  decalcified  for  twenty  days  in  5  per 
cent  nitric  acid.  In  spite  of  the  fact  that  the  acid  was  changed  once  in  order 
to  have  always  a  relatively  fresh  solution,  a  goo<I  jHirtion  of  the  enamel  matrix 
of  the  tooth  was  recovered.  The  problem,  therefore,  that  confronted  us  was  to 
devise  a  technic  whereby  the  specimen  is  less  disturbed  during  processing.  The 
technic  suggested  in  this  report  is  the  result  of  our  endeavor.  It  is  hoped  that 
this  method  would  be  found  useful  in  the  hands  of  other  investigators. 

TECHNIC 

The  materials  we  used  were  all  adult  Filipino  teeth.  We  do  not  make  any 
special  preparation  of  the  specimen  before  processing  as  done  by  other  investi¬ 
gators,  although  when  we  are  interested  in  the  histology  of  the  pulp  we  some¬ 
times  cut  the  apex  of  the  tooth  or  drill  a  hole  near  the  cervical  portion  so  as  to 
facilitate  the  entrance  of  the  chemical  reagents  to  the  pulp  chamlier. 

Fixation. — The  specimen  (whole  timth)  is  fixed  in  10  per  cent  Formalin 
for  three  to  seven  days.  Then  it  is  transferred  to  Oo  per  cent  alcohol  for  the 
same  length  of  time  as  it  was  in  Formalin. 

Decal cification. — The  specimen  is  placed  in  a  test  tube  with  a  hole  at  the 
bottom.  The  test  tube  is  placed  in  5  per  cent  nitric  acid  contained  in  a  Waite 
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syringe  sterilizing  jar,  Fig.  1.  The  specimen  is  decalcified  from  seven  to  twelve 
days. 

Washing. — The  test  tube  containing  the  decalcified  specimen  is  now  trans¬ 
ferred  to  a  beaker  or  any  wide-mouthed  bottle  containing  5  per  cent  sodium 
sulfate.  After  twenty-four  hours,  the  test  tube  is  transferred  to  another  beaker 
containing  water  for  washing.  We  also  use  running  water  but  w’e  see  to  it  that 
the  water  from  the  faucet  does  not  fall  directly  on  the  mouth  of  the  tube  as  it 
will  greatly  disturb  the  .specimen.  After  twenty-four  hours,  the  specimen  is 
ready  for  dehydration. 


Fig.  1. — Decalciflcation  of  teeth  inside  the  Waite  sterilizing  jar.  Note  the  hole  at  the  bottom 
of  the  test  tubes.  Decalcifying  agent,  5  per  cent  nitric  acid. 


Dehydration. — The  dehydrating  agents  used  are  50,  70,  and  90  per  cent 
alcohol,  absolute  alcohol,  and  absolute  alcohol-ether.  We  follow  the  procedure 
suggested  by  Willman.  The  only  modification  is  that,  instead  of  the  tooth  or 
the  specimen,  the  test  tube  containing  the  decalcified  specimen  is  transferred 
from  one  wide-mouthed  bottle  to  another  containing  the  different  dehydrating 
agents.  To  avoid  rapid  evaporation  of  the  chemical  reagents,  w'e  plug  the  test 
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tube  with  cotton  and  seal  the  mouth  of  tlie  bottle  with  adhesive  plaster.  Instead 
of  wide-mouthed  bottles,  Waite  sterilizinj?  jars  may  be  used  for  the  various 
dehydrating  agents. 

Embedding. — After  dehydration,  the  specimen  itself  is  placed  very  care¬ 
fully  in  a  Stender  dish  and  covered  by  a  12  per  cent  celloidin  solution.  We 
usually  pour  celloidin  solution  up  to  the  lid  of  the  dish.  When  the  cover  is 
put  in  place,  some  excess  celloidin  solution  will  flood  the  lid  of  the  dish,  thus 
sealing  the  solution  from  rapid  evaporation.  We  always  place  a  weight  on  top 
of  the  cover.  The  pressure  inside  the  dish  due  to  the  accumulation  of  alcohol 
and  ether  gases  has  the  tendency  to  displace  the  cover  if  no  weight  is  employed. 
We  generally  allow  about  a  week  for  the  specimen  to  be  immersed  in  the  celloidin 
solution.  After  this  time,  we  allow  the  ether-alcohol  to  evaporate  very  slowly 
(in  about  four  or  five  days)  by  adjusting  the  cover  of  the  Stender  dish  until 
the  celloidin  is  hard  enough  for  mounting  and  sectioning. 

As  described,  we  only  use  specimen  forceps  during  the  transfer  of  the 
specimen  from  the  test  tube  to  the  Stender  dish  for  celloidin  embedding.  In 
previous  operations  we  transferred  the  test  tube  containing  the  specimen.  It 
may  be  mentioned  here,  however,  that  the  transfer  of  the  tube  from  one  liquid 
to  another  is  done  very  carefully.  Sudden  withdrawal  of  the  tube  will  cause 
a  stronger  outflow  of  the  liquid  through  the  hole  at  the  bottom  of  the  tube,  thus 
unduly  disturbing  the  delicate  specimen.  To  our  mind,  the  loss  of  the  enamel 
matrix  occurs  when  the  delicate  specimen  is  passed  through  different  viscosities 
of  the  celloidin  solution  during  embedding;  hence,  in  our  technic,  we  used  only 
the  12  per  cent  celloidin  solution  and  gradually  increased  its  viscosity  by  very 
slow  evaporation  without  disturbing  the  specimen. 

RESULTS 

Samples  of  the  results  of  the  foregoing  technic  are  as  follows.  Fig.  2A 
is  a  transverse  section  of  a  molar  with  the  enamel  matrix  partly  detached  from 
the  scalloped  dentin  surface.  The  thickness  of  the  enamel  matrix  recovered 
appears  to  be  complete  as  evidenced  by  the  presence  of  the  plaque  and  the 
dentin  surface.  Fig.  2B  is  a  higher  magnification  of  an  area  of  Fig.  2A.  There 
seems  to  be  beginning  of  caries  under  the  plaque,  he.  The  structural  charac¬ 
teristic  of  the  rod  matrix  and  interrod  matrix  is  quite  well  shown.  Fig.  3A 
is  a  longitudinal  section  of  a  molar  in  the  occlusal  region.  Necrosis  of  the 
matrix  as  a  result  of  occlusal  caries  is  evident  in  some  portion  of  the  matrix. 
In  the  intact  portion  of  the  matrix,  there  is  a  crack-like  structure  which  may 
be  interpreted  as  a  form  of  an  enamel  lamella.  Fig.  3B  is  a  higher  magnification 
showing  this  cracklike  structure.  The  longitudinal  and  cross  sections  of  the 
rod  matrix  are  fairly  shown.  Fig.  4  is  a  high  magnification  of  a  portion  of 
necrotic  matrix  and  intact  matrix  from  the  occlusal  region  of  a  carious  molar. 
It  may  be  noticed  that,  in  the  intact  area,  the  rod  matrices  are  isolated  from 
each  other  during  histologic  preparation.  Spheroidal  bodies,  sh,  are  present 
in  the  necrotic  area.  We  have  observed  these  bodies  in  several  of  our  decalcified 
.sections  of  carious  teeth.  We  are  not  yet  in  a  position  to  identify  these  struc- 


Fig.  2A.  Fig.  2B. 


Fig.  2A. — Trans\-er«e  section  of  molar,  art.  Artifact:  /*,  plaque;  eni,  enamel  matrix; 
I,  portion  of  an  enamel  lamella ;  d,  dentin. 

Fig.  2B. — Higher  magnification  of  an  area  of  Fig.  2A,  art,  Artifact;  P,  plaque;  be,  ap¬ 
parently  beginning  of  caries  umler  the  plaque;  em,  enamel  matrix. 


Fig.  3A.  Fig.  3B. 

Fig.  3A. — longitudinal  section  in  the  occlusal  region  of  molar,  nm.  Necrotic  matrix  due 
to  caries ;  im,  intact  enamel  matrix ;  dej,  dentlno-enamel  Junction ;  d,  dentin ;  art,  artifact. 
Note  crack-like  structure  which  may  be  an  enamel  lamella. 

Fig.  3B. — Higher  magnification  showing  the  crack-like  structure  and  the  longitudinal 
and  cross  sections  of  rod  matrices,  art.  Artifact. 
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lures  definitely.  They  may  be  cross  sections  of  rod  matrices,  red  cells,  or  yeasts. 
To  our  mind,  these  bodies  deserve  further  investigation  as  they  may  have  some 
relationship  with  the  caries  process.  Fig.  5  is  a  high  magnification  showing  the 
stratified  squamous  epithelium  of  the  reduced  enamel  epithelium  on  the  intact 
and  completely  recovered  enamel  matrix  of  an  unerupted  upper  third  molar. 
Fig.  6  is  a  section  of  a  portion  of  an  enamel  matrix  in  a  higher  magnification. 
Area  A  .shows  the  normal  structural  characteristic  of  an  enamel  and  area  B 


Fig.  4.  Fig.  5. 

Fig.  4. — High  magniflcation  of  a  portion  of  necrotic  matrix  anil  intact  matrix  from  the 
occiusal  region  of  a  carious  molar.  n»i.  Necrotic  matrix  due  to  caries ;  em,  intact  matrix ; 
sh,  spheroidal  boilies. 

Fig.  5. — High  magniflcation  of  a  .section  of  unerupted  upper  third  molar,  art.  Artifact : 
rep,  reduced  enamel  epithelium  :  ein,  enamel  matrix. 


shows  the  rod  matrices  isolated  from  each  other  during  hLstologic  preparation. 
While  no  chemical  test  has  been  applied  to  determine  the  presence  or  absence 
of  the  calcium  .salts,  at  least  the  Isolated  position  of  some  of  the  so-called  enamel 
fibers  seems  to  indicate  their  organic  nature.  Fig.  7  is  a  longitudinal  section 
of  a  tooth  showing  the  enamel  matrix  in  higher  magnification.  The  structure 
marked  x  seems  to  be  the  matrix  of  the  primary  enamel  cuticle  which,  normally, 
is  always  calcified.  We  have  observed  this  kind  of  structure  in  several  decalcified 
sections  where  the  enamel  matrix  is  completely  recovered.  They  seem  to  vary 
in  thickness  in  different  sections  of  the  enamel. 

It  may  be  mentioned  here  that,  so  far,  we  were  unable  to  recover  under  the 
technic  previously  described  the  whole  and  comi)lete  enamel  matrix  around  the 
coronal  portion  of  the  dentin.  We  were  only  able  to  i*ecover  a  complete  thick¬ 
ness  of  a  certain  section  of  the  enamel  as  shown  in  some  of  the  illustrations 
included  in  this  report. 
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Fig-.  6. — High  magnification  of  an  enamel  matrix.  A,  enamel  matrix  showing  normal 
structural  characteristics,  and  B,  rod  matrices  isolated  from  each  other. 

Fig.  7. — High  magnification  of  a  longitu<linal  section  of  a  tooth,  x,  Presumably  the 
matrix  of  the  primary  enamel  cuticle;  ent,  enamel  matrix;  dej,  dentinq-enamel  junction; 
d,  dentin. 


COMMKXT 

Sognnaes^  reviewed  the  various  methods  employed  by  twenty-six  investi- 
ffators  for  the  recovery  of  the  enamel  matrix  from  1872  to  1944.  The  same 
author’  introduced  a  method  which  is  es.sentially  based  on  controlled  tempera¬ 
ture  durini?  decalcification  of  the  teeth  in  5  per  cent  trichloroacetic  acid.  De¬ 
calcification  is  done  in  an  icebox  at  1°  (’.  Brain®  has  also  sujjf^ested  another 
method  es.sentially  based  on  separate  deealeifieation  of  the  dentin  and  enamel 
in  5  per  cent  formic  acid  saturated  with  calcium  phosphate  (2  per  cent).  The 
writer  is  also  aware  of  the  method  enijiloyed  in  decalcifying  teeth  by  Frisbie, 
Nuckolls,  and  Saunders.'-*  All  of  the.se  investigator’s,  besides  the  care  they  have 
exerciser!  in  the  sele<‘tion  of  the  decalcifying  agents  and  the  time  of  decalcifica¬ 
tion,  recognized  the  importance  of  immobilizing  the  specimen  during  decalcifi¬ 
cation.  Ingenious  devices  have  been  employed  to  that  end.  It  is  regretted  that 
our  library  was  completely  destroyed  by  the  war  and  the  references  cited  by 
the  authors  mentioned  are  not  available  to  us.  It  is,  therefore,  difficult  on  our 
part  to  determine  whether  the  technic  sugge.sted  in  this  reirort  is  simpler, 
requires  less  time,  and  is  erjually  efficient  compared  with  the  other  technics  for 
reeoverijig  the  enamel  matrix.  The  most  we  can  say  is  that  the  technic  has 
been  found  useful  in  our  hands  in  our  studies  of  the  histology  and  some  ab¬ 
normal  conditions  of  the  enamel  and  the  dentin.^ 
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A  word  or  two  may  be  necessary  to  speculate  on  the  mechanism  of  the  tech¬ 
nic  suggested  in  this  rejmrt.  We  are  in  accord  with  the  opinion  of  Sognnaes* 
that  the  rapid  evolution  of  the  carbon  dioxide  during  de<‘alcification  has  a 
deleterious  effect  on  the  integrity  of  the  enamel  matrix.  In  the  technic  sug¬ 
gested,  it  seems  that  the  evolution  of  the  gas  is  regulated  by  two  factors:  (a) 
the  diminishing  concentration  of  the  acid  inside  the  test  tube  and  (b)  the  pres¬ 
sure  generated  by  the  accumulated  gases  inside  the  Waite  sterilizing  jar.  We 
have  observed  that  in  the  early  stage  of  the  decalcification  there  is  a  vigorous 
evolution  of  the  gas,  but  later  the  rapid  evolution  seems  to  subside  gradually. 
This  condition  may  be  due  to  the  diminishing  concentration  of  the  acid  inside 
the  tube  as  a  result  of  the  chemical  reaction.  This  condition,  however,  does  not 
seem  to  be  permanent  or  stable  as  the  acid  of  higher  concentration  outside  the 
tube  has  the  tendency  to  enter  the  tube  through  the  hole  at  the  bottom,  thus 
supplying  an  adecpiate  amount  of  acid  to  continue  the  decalcification  in  a  regu- 
latec^  manner.  In  other  words,  the  concentration  of  the  acid  necessary  to  de¬ 
calcify  the  tooth  without  causing  a  rapid  evolution  of  the  gas  is  regulated. 
The  other  factor  which  tends  to  regulate  the  chemical  reaction  may  be  the  pres¬ 
sure  generated  inside  the  jar  by  the  accumulated  gas  as  one  of  the  products  of 
the  chemical  reaction. 

If  the  foregoing  si>e<‘ulation  may  be  considered  reasonable,  it  may  be  as¬ 
sumed  that  whatever  success  we  have  attained  in  recovering  the  enamel  matrix 
was  not  only  due  to  the  care  that  we  have  tried  to  exercise  in  handling  the  deli¬ 
cate  specimen,  but  also  to  the  control  of  the  chemical  reaction  taking  place  dur¬ 
ing  decalcification.  If  the  speculation  is  not  valid,  it  is  possible  that  our  rela¬ 
tive  success  is  due  to  some  peculiar  condition  of  the  teeth  of  the  Filipinos  which 
are  the  materials  used  in  this  study.  So  far,  no  chemical  analysis  has  been  made 
on  the  Filipino  teeth. 

SUMMARY 

A  method  for  the  recovery  of  the  enamel  matrix  is  suggested  in  this  report. 
The  method  does  not  require  special  preparation  of  the  teeth  prior  to  processing 
nor  special  apparatus  for  decalcification.  The  procedure  seems  less  tedious  and 
does  not  re(piire  longer  time  as  compared  with  some  other  methods.  In  the  case 
of  fully  erupted  teeth,  we  were  able  to  recover  complete  thicknesses  of  the  enamel 
matrix  in  certain  sections  of  the  teeth  as  evidenced  by  the  plaque  in  one  side 
and  the  dentin  in  the  opposite  side.  We  have  also  succeeded  in  recovering  a 
complete  thickness  of  the  enamel  matrix  in  certain  sections  of  embedded  adult 
teeth  as  evidenced  by  the  presence  of  the  reduced  enamel  epithelium  and  the 
dentin.  Sections  of  carious  teeth  were  also  presented  showing  the  imtentiality 
of  the  method  for  the  study  of  the  progress  of  caries  in  the  enamel  matrix.  No 
chemical  test  has  bet'ii  applied  to  determine  the  i>resence  or  absence  of  calcium 
siilts  after  decalcification.  However,  the  isolation  of  some  of  the  so-calle<l  enamel 
fibei’s  during  histologic  preparation,  more  or  less,  seems  to  indicate  their  or¬ 
ganic  nature.  All  spe{*imens  included  in  this  report  were  from  Filipino  adult 
teeth. 
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AN  X-RAY  DIFFRACTION  MICRO(’AMERA  AND  THE  SPECIMEN 
PREPARATION  FOR  THE  STUDY  OF  TOOTH  STRUCTURE 

EDWARD  KLEIN,  D.D.S.,  OTTO  R.  TRAUTZ,  Ph.D.,  H.  K.  ADDELSTON,  D.D.S.,  and 

I,  FANKUCHEN,  Ph.D.* 

New  York  University,  College  of  Dentistry,  New  York,  N.  Y. 

X-RAY  diffraction  methods  offer  an  opportunity  to  study  the  chemistry  and 
crystallography  of  the  enamel  of  teeth.  As  the  structure  often  varies 
within  short  distances,  it  was  necessary  to  adapt  the  x-ray  methods  to  the  u.se 
of  samples  of  a  few  microns’  dimension.  A  simplified  x-ray  diffraction  micro¬ 
camera  was  constructed  to  explore  minute  areas  (about  30/i  across)  in  tooth 
enamel.  In  designing  the  camera,  special  consideration  was  given  to  the  ease 
of  specimen  mounting,  film  loading,  selecting  particular  areas  of  the  specimen, 
mounting  of  very  small  particles  (less  than  25/jl),  adjustment  of  the  camera  in 
the  x-ray  beam,  and  recording  of  the  position  of  the  specimen  and  its  orienta¬ 
tion  with  regard  to  the  diffraetogram. 

DESCRIPTION  OF  THE  CAMERA 

The  camera  is  similar  to  the  one  employed  by  Fankuehen  and  Mark.^  It 
is  characterized  by  a  32/x  capillary  slit  and  a  15  mm.  specimen-to-film  distance. 
It  consists  of  two  simple  units:  the  “front  plate,”  which  contains  the  capillary 
and  supports  the  specimen  mount ;  and  the  “cylinder,”  w’hich  holds  the  film 
and  which  is  mounted  on  a  sled.  (Fig.  1.) 

The  front  plate  is  a  circular  disk,  about  one-quarter  of  an  inch  thick  with 
the  slit  capillary  at  the  center.  The  capillary  is  cut  from  a  piece  of  “Marine 
Darometer  Tubing.”^ 

To  transmit  the  radiation  from  the  full  projected  width  of  the  focal  spi>t 
on  the  target  in  the  x-ray  tube,  the  length  of  the  capillary  should  be  less  than 
a  given  value,  lest  the  exposure  time  be  prolonged  unduly.  The  following  equa¬ 
tions  and  Fig.  2  describe  the  geometry  of  the  slit  optics  and  the  dimensions  of 
our  instrument. 

Dt  -  L  Dk 

T  =  8,  +  -  (S.  +  S,)  F  =  S,  +  ^  (S.  +  S,) 

_  Dt  S,)  _  Dr  -*■ 

T  +  S,  -  F-S, 

Instrument  dimensions 

Si,  width  of  entrance  slit  32^ 

S2,  width  of  exit  slit  32/n 

T,  width  of  i)rojection  of  focal  spot  on  target  1.2  mm. 

F,  width  of  primary  spot  on  film 

This  investigation  was  supporteil  by  a  research  grant  from  the  National  Institute  for 
Dental  Research  of  the  Natloral  Institutes  of  Health,  Uniteil  States  Public  Health  Service. 
Received  for  publication,  Jan.  17,  1951. 
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Ij,  length  of  capillary 

Dt,  distance  from  target  to  exit  slit  61  mm. 

Df,  distance  from  film  to  exit  slit  and  specimen  15  mm. 

The  position  of  the  exit  slit  is  fixed  by  the  camera  dimensions ;  the  position 
of  the  entrance  slit  shifts  with  the  length  of  the  capillary.  Thus  we  calculate 
for  the  capillary  a  maximum  length  of  3.2  mm.  and  obtain  a  primary  spot  on 
the  film  0.35  mm.  wide.  Since  the  intensity  of  the  transmitted  beam  is  highest 
in  its  central  region  and  falls  off  toward  the  margin,  the  resolution  of  the 
camera  is  markedly  better. 


Fig.  1. — X-ray  diffraction  microcamera.  Detailed  drawing  of  camera  and  specimen  mounting. 


Fig.  2. — Slit  optics  of  the  microcamera. 


The  front  plate  is  covered  with  a  lead  idate,  Vin  in-  thick,  having  a  pinhole 
in  the  center.  Though  the  glass  of  the  capillary  contains  25  jier  cent  lead,  it 
still  transmits  in  a  twenty-hour  exposure  .sufficient  x-rays  ((hi  radiation)  to 
give  on  the  fibn  a  pinhole  image  of  the  focal  siiot  on  the  target  through  the 
pinhole  in  the  lead  plate.  However,  a  straight  hole  in  the  lead  plate  made  with 
a  Xo.  80  drill  is  sufficiently  small  to  subdue  the  image. 
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For  exploratory  work  where  the  narrow  32/i  beam  is  not  essential,  we  use 
a  wider  capillary  tuhiiif;  with  a  90;t  bore  in  a  front  plate  interchangeable  with 
the  foregoing  one.  The  length  of  the  capillary  should  not  be  more  than  8.5 
mm.,  the  primary  spot  on  the  film  is  calculated  to  be  0.41  millimeter.  If  the 
capillary  is  ])rogressively  shortened  from  the  entrance  side,  then  the  focal  spot 
on  the  target  replaces  the  entrance  slit.  The  primary  spot  on  the  film  does  not 
change  in  size;  however,  it  receives  more  energy,  particularly  in  the  marginal 
region. 


Fig.  3. — Microcamera,  a,  and  accessories  (Gelger-Mueller  tube  b;  with  sensitivity  controls, 
c;  and  microammeter,  d. )  mounted  on  North  American  Philips  diffraction  unit. 

The  front  plate  is  attached  to  the  cylinder  by  means  of  a  spring  lock 
which  works  smoothly  so  that  the  position  of  the  mounted  specimen  is  not  dis¬ 
turbed.  A  slight  twist  releases  the  front  plate,  which  can  then  be  placed  under 
the  microscope  for  a  photomicrograph  on  which  the  exact  spot  is  registered 
where  the  x-ray  penetrated  the  sample.  A  line  (a.  Fig.  1)  is  scribed  on  the 
plate  for  the  purpose  of  orientation. 

The  cylinder  carries  the  flat  circular  film  disk  at  its  closed  end.  A  split 
ring  holds  the  film  in  place.  The  primary  beam  can  leave  the  camera  through 
a  in.  hole  in  film  and  cylinder.  A  notch  on  the  edge  of  the  film  and  line  h 
inscribed  in  the  back  of  the  cylinder  serve  for  parallel  orientation  with  line  a 
on  the  front  plate.  The  cylinder  is  attached  to  a  sled  by  means  of  a  universal 
camera  head  and  can  be  adjusted  and  fixed  in  any  position.  The  sled  fits  on  a 
track  on  the  x-ray  unit  and,  after  removal,  can  be  returned  to  exactly  the  same 
position. 
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After  giving  the  camera  the  desired  tilt  and  direction,  the  vertical  and 
sideways  movement  of  the  track  is  adjusted  so  that  the  x-ray  beam  passes 
through  the  slit  capillary  with  maximum  intensity.  This  intensity  is,  however, 
very  low  and  is  barely  perce])tible  on  a  fluorescent  screen. 

A  Geiger-Mueller  tube  and  circuit  facilitates  this  adjustment.  (Fig.  3.) 
The  tube  is  mounted  preferably  on  the  same  sled  as  the  camera,  with  individual 
adjustments  for  front  and  rear  end.  It  is  operated  in  the  proportional  range. 
The  circuit  contains  a  stepwise  and  continuous  sensitivity  control  and  also  a 
microammeter  which  indicates  the  intensity  of  the  x-ray  beam  transmitted 
through  the  camera.  The  tube  (type  62002)  and  circuit  of  an  old  North 
American  Philips  Company  quartz  orientation  unit  .serve  this  purpose  quite 
well. 

PRF.PARATION  OF  THE  SPECIMENS 

1.  Thin  Sections. — The  fresh  tooth  is  embedded  immediately  in  soft  wax  to 
retain  its  moisture  and  elasticity.  It  is  kept  moist  with  water  through  the  entire 
procedure  of  preparation. 

For  cutting  the  thin  sections,  we  fasten  the  tooth  by  its  root  end  in  a  strong 
tube  with  the  aid  of  a  set  screw  or  quick-setting  plastic  and  mount  the  tube  on 
the  cro.ss  feed  of  a  high-speed  lathe  so  that  a  cut  can  be  made  in  the  desired 
orientation.  The  cutting  tool  is  a  diamond  saw  such  as  used  in  the  gem  trade. 
It  consists  of  a  thin  phosphor  bronze  disk  (0.003  in.  thick)  which  is  held  between 
two  flanges  (2.5  in.  diameter)  on  an  arbor  in  the  headstock  of  the  lathe.  The 
disk’s  edge  is  impregnated  with  diamond  dust.  There  are  two  saws :  one  which 
has  %  in.  free  margin  of  the  blade  for  the  initial  cut,  about  V^2  in-  deep,  and  the 
other  with  in-  fr®®  cutting  margin  for  the  remainder  of  the  cut.  During  cut¬ 
ting,  a  spray  of  water  of  100°  F.  runs  over  the  front  edge  of  the  saw  and  is 
afterward  caught  in  a  mud  guard.  The  circumferential  speed  of  the  saw  should 
preferably  approach  5,000  feet  per  minute.  Sections  of  about  100  to  200/i 
thickness  can  be  cut  in  this  way. 

The  sections  are  ground  thinner  by  hand  after  they  have  been  mounted  on 
a  micrascope  slide  with  low-melting  wax.  Carborundum  powder  No.  600  on  a 
metal  or  wood  plate  is  suitable  for  grinding.  Polishing  with  alundum  buffing 
powder  on  wood  and  finally  with  sapphire  powder  of  l/i  grain  size  is  necessary 
for  the  microscopic  .study  of  the  section.  Optunum  thickness  of  the  enamel  sec¬ 
tion  for  maximum  intensity  of  the  diffraction  pattern  in  transmitted  radiation 
is  equal  to  the  inverse  linear  absorption  coefficient.  Thus  with  a  coefficient  of 
275  cm.“^  of  enamel  for  CuKa  radiation  one  calculates  36/i  as  optimal  thickness. 
Sections  of  well-calcified  dentin  should  be  about  twice  as  thick,  or  more  if  the 
degree  of  calcification  is  less. 

The  tooth  section  is  mounted  on  a  small  piece  of  Kodalith  screen  with  2 
lines  per  millimeter.  A  wedge-shaped  opening  is  cut  into  this,  ju.st  large  enough 
to  expose  the  desired  area  of  the  tooth.  The  specimen  is  tacked  down  to  the 
holder  with  Scotch  tajie  and  the  holder  is  placed  on  the  ba.se  with  the  spe<*imen 
nearest  the  capillary  slit,  and  fa.stened  in  the  same  way.  This  is  done  under  the 


Volume  30 
Number  3 


X  RAY  DIFFRACTION  MICROC’AMERA 


443 


microscope  while  the  light  Imam  passing  through  the,  capillary  illuminates  the 
spot  under  examination.  A  photomicrograi)h  records  this  spot  after  the  x-ray 
exposure. 

2.  Small  Fraqments  of  Enamel. — Enamel  fragments  with  only  few  enamel 
rwls  in  the  bundle  are  obtained  by  crushing  a  small  piece  of  selected  enamel 
between  two  glass  slides.  A  thin  glass  fiber  is  mounted  on  a  pin,  “twiddler,” 
which  can  be  rotated  almut  its  axis  on  its  holder  on  the  microscope  table.  One 
pulls  tbe  fiber  through  a  camel’s-hair  brush  wet  with  .shellac  and  immediately 
picks  up  from  the  slide  one  selected  enamel  fragment  which  then  can  be  further 
examined  under  the  polarizing  microscope.  Then  the  filmr  is  transferred!  from 
the  twiddler  to  the  front  plate  of  the  microcamera,  with  the  fragment  in  the 
desired, position  over  the  slit  capillary. 


FIr,  4. — Microcamera  iliffractoKraiu  of  tooth  enamel.  2X.  (Cu  K  radiation.  XI  ftiter,  35  kV. 

15  m.\,  30  hr.) 

Many  fragments  can  be  picket!  up  by  sweeping  the  shellac-moistenet!  glass 
filler  over  the  slide  with  the  finely  crushetl  enamel  fragments.  The  filter  is  then 
tacked  upon  a  specimen  holder  whose  center  is  punchetl  out.  Vnder  the  micro¬ 
scope  a  desired  iiarticle,  perhaps  even  a  fragment  of  an  enamel  rtHl.  less  than 
6/i  acros.s,  can  be  selected  and  centereil  over  the  slit  capillary.  Another  metluHl  of 
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supnortiiifT  very  fine  partieles  is  to  spread  a  thin  diaphrafrm  of  an  nncnred  plastic 
over  the  hole  of  the  speeimen  holder  and  then  to  sjirinkle  the  enamel  partieles  on 
the  pla.stie  while  it  is  enrinj;. 


DISCUSSION 

For  routine  work  with  mierosainples  it  is  important  to  have  a  mieroeamera 
of  simplified  construction  and  easy  operation.  The  slit  system  is  to  (five,  for 
minimum  exposure  time,  a  maximum  intensity  of  the  very  narrow  x-ray  beam. 
The  orientation  of  the  dilTractofrram  with  rejfard  to  the  specimen  must  he 
known. 

The  camera  should  {rive  a  hi^h  resolution  with  a  minimum  of  hackjrround 
scattering.  This  permits  the  recording  of  reflections  which  have  not  been 
demonstrated  previously  in  the  ditTractogram  of  tooth  enamel.  (Fig.  4.) 
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STUDIES  ON  THE  PHYSICAL  PROPERTIES  OF  RODENT  ENAMEL 

I.  The  Manly-Hodoe  Separation  Method  as  Applied  to  the 
Teeth  of  the  Rat  and  Hamster 
J.  EDWARD  GILDA* 

From  the  Division  of  Dental  Research  and  the  Department  of  Biochemistry,  the  University  of 
Rochester,  School  of  Medicine  and  Dentistry,  Rochester,  AT.  F. 

INTRODUCTION 

Rodents  have  been  used  widely  in  experiments  designed  to  clarify  the 
mechanism  of  dental  caries.  In  some  eases,  the  enamel  and  dentin  of  the 
teeth  have  been  separated  and  analyzed  for  substances  occurring  in  minute 
amounts.  A  number  of  investigators  have  carried  out  the  separation  by  means 
of  the  powder  flotation  method  of  Manly  and  Hodge.  Occasionally,  special 
precautions  have  been  exercised,  but  none  have  reported  the  purity  of  the 
separated  tissues.  A  high  order  of  purity  is  not  required  for  the  analysis  of 
the  major  constituents  of  enamel  and  dentin;  it  is  imperative  for  the  analysis 
of  trace  substances.  For  example,  rat  dentin  contains  approximately  ten  times 
more  amino  acid  nitrogen  than  does  enamel.^  Under  experimental  conditions, 
up  to  five  times  more  fluorine  is  found  in  dentin.^  Since  other  experimental 
animals  acquire  six  to  ten  or  more  times  the  amount  of  administered  radioactive 
phosphorus  in  the  dentin  as  in  the  enamel,®’  *’  ®  it  seems  reasonable  to  suppose 
that  similar  conditions  exist  among  rodents.  In  all  such  instances,  contamina¬ 
tion  of  enamel  with  small  amounts  of  dentin  would  lead  to  considerable  error. 

Our  study  was  limited,  for  the  most  part,  to  the  rat  because  the  animal  has 
been  used  so  frequently  for  experimental  purposes.  A  few  samples  of  Syrian 
hamster  material  were  examined.  The  enamel  yield  from  the  pooled  molar 
crowns  of  one  rat  is  not  large,  being  of  the  order  of  10  milligrams.  In  most 
cases,  the  teeth  of  four  animals  were  pooled  to  provide  an  enamel  sample  of 
sufficient  size  for  a  number  of  subsequent  analjdic  determinations.  A  single 
separation  was  made  employing  the  usual  Manly-Hodge  procedure.  Enamel 
and  dentin  fractions  were  tested  for  purity  by  direct  count  of  a  large  number 
of  particles  under  a  microscope.  Soon  after  the  work  began,  it  became  evident 
that  .separation  efficiency  was  by  no  means  as  complete  as  previously  reported 
for  human  tis.sues.  Attention  was  then  directed  toward  increasing  the  complete¬ 
ness  of  the  separation  by  the  simplest  possible  means.  In  this  regard,  our  small 
sample  size  w’as  a  dominating  consideration,  for  it  precluded  elaborate  refrac¬ 
tionation  technics  which  are  always  as.sociated  with  considerable  sample  loss. 

Presente<l  at  tho  24th  CJenernl  MoetlnK  of  the  International  .\.<isoolation  for  Dental  Re¬ 
search.  Kansas  City.  Mo..  March  16.  1946  (.7.  />.  Res.  2.1:  161.  1946). 

This  work  was  supporte*!.  In  part,  by  a  Krant  from  the  Kastman  IVntal  Dispensary  of 
Rochester,  N.  Y.  The  work  la  taken  from  the  thesis  which  the  author  submitted  to  the 
Graduate  School  of  the  University  of  R«K'hester,  In  piirtlal  fulflilment  of  the  retiulrements  for 
the  degree  of  Master  of  Science. 

Received  for  publication.  Dec.  6,  1950. 

•Present  address,  Kastman  Dental  Dlspt'nsary,  Rwhester.  N.  Y. 


445 


446 


GILDA 


j.  n.  Res. 

June,  1951 


METHODS  AND  RESULTS 

The  Manly-Hodge  teehnic®  with  slight  modiheations  was  followed  through¬ 
out.  A  preliminarA'  experiment  was  undertaken  on  two  samples  eonsistinj;  of 
the  erupted  portion  of  76  maxillary  and  65  mandibular  rat  incisors.  After  dry¬ 
ing  and  pulverization,  the  samj)les  were  divided  in  half,  and  each  portion  was 
subjected  to  a  sing:le  flotation.  Examination  of  the  results  (Table  I)  revealed 
that  both  enamel  and  dentin  fractions  contained  appreciable  quantities  of  con¬ 
taminants,  especially  in  the  case  of  the  enamel.  Thus,  the  experiment  antici¬ 
pated  the  findings  on  molar  teeth  which  are  described  below'. 

Teeth  and  supporting  tissues  were  removed  from  freshly  sacrificed  animals 
and  the  molar  crowns  dissected  out,  either  immediately  or  after  preservation 


Table  I 

Separations  Using  Pooled  Samples  of  Rat  Incisors  (.100-400  Mo.) 
Ground  to  Pass  a  60  Mesh  Screen 


SAMPLE 

PERCENTAGE  COMPOSITION  BY  PARTICLE  COUNT 

DENSITY  OF 

ACETONE- 

BROMOFORM 

ENAMEL 

DENTIN 

SEPARATION 

E 

1  J  1 

D 

D- 

1  J  1 

E 

MIXTURE 

Max. 

7.3.7 

21.5 

4.8 

95 

1 

2.60 

Mand. 

69..3 

13.9 

16.8 

94 

1 

5 

2.60 

Max. 

75 

20 

5 

92 

3 

5 

2.70 

Mand. 

66 

2.3 

11 

89 

.3 

8 

2.70 

F'our  huniired  particles  counted  per  sample  except  those  expressed  to  first  decimal  place, 
in  which  ca.se  at  least  1,000  particles  were  counted. 

E,  Enamel ;  J,  junction-particles ;  D,  dentin. 

at  0°  C.  in  distilled  water  with  added  chloroform.  The  molar  crowns  from  sev¬ 
eral  animals,  u.sually  four,  were  pooled.  In  most  cases,  the  pooled  samples  w'ere 
extracted  in  a  Soxhlet  apjiaratus  with  95  per  cent  ethyl  alcohol  for  twelve  hours 
followed  by  a  similar  extraction  with  ethyl  ether.  Extraction  appeared  to  de¬ 
crease  the  tendency  of  jiarticles  to  adhere  tojiether  during  subsequent  pulver¬ 
ization.  Samples  were  heated  to  constant  weight  in  an  oven  maintained  at 
100±  1°  C.  for  3.5  days.  In  the  nineteen  rat  samples  weighed,  including  those 
p(K)led  from  one,  four,  five  and  twenty-five  animals,  the  average  amount  of 
material  contributed  per  rat  was  78  mg.  with  a  range  of  59  to  92  milligrams. 
Four  hamster  samples,  composed  of  teeth  from  three  and  seven  animals,  gave 
an  average  of  32  mg.  jier  hamster  with  a  range  of  30  to  33  milligrams. 

The  teeth  were  ground  in  a  diamond  mortar  and  were  sifted  through  one 
of  a  number  of  .screens  (60,  100,  160,  or  200  mesh).  Average  percentage  loss 
(luring  this  priK-edure  in  samples  from  four  and  five  rats  was  2,  7.1,  9.6,  and 
10.5  respectively.  Thus,  sample  loss  increased  as  jiarticle  size  was  reduced. 
Losses  with  hamster  teeth  followed  the  same  trend.  In  no  case  did  the  loss 
amount  to  more  than  14  per  cent  of  the  unground  material  in  samples  from 
four  or  more  animals. 

SteeJ  particles  were  removed  with  a  magnet  and  the  powders  heated  at 
1(X)°  for  tw’o  hours,  after  which  they  were  stored  in  a  desiccator  over 
anhydrous  Cat.’L. 


Volume  10 
Niimher  3 


PHYSICAL  PROPERTIES  OF  RODENT  ENAMEL 


447 


A  broniofonn-acetone  flotation  mixture  of  2.7(K)  (Jin.  i>er  cubic  centimeter 
at  25°  (\  was  used.*  Temperature  control  was  maintained  by  placing:  a  water 
jacket  around  tbe  15  c.c.  centrifufie  tube  carrier  wbicb  held  the  apparatus  at 
25  ±  0.5°  C.  during  the  separation.  With  one  exception  (Sample  7),  the  separa¬ 
tion  tubes  were  centrifuged  at  either  1,700  or  2,200  r.p.m. 

Percentage  composition  of  the  resulting  fractions  was  determined  by  direct 
count  of  at  least  1,000  jiarticles.  The  technic  differed  from  that  described  by 
Afanly  and  Hodge  only  in  that  none  of  the  observed  counts  were  discarded.  The 
variability  of  counting  is  shown  in  Table  II,  where  the  means  and  standard 
deviations  of  twelve  fractions,  taken  at  random,  are  presented.  In  most  cases, 


Table  II 


V'ariabii.ity  in  Paktici,e  Coi'NT  Method  in  Twelve  Fractions  Taken  at  Ranimim 
(1,000  Particles  Counted  for  Each  Fraction) 


SAMPLE  ' 

PERCENTAGE  ENAMEL  PARTICLES  I 
IN  ENAMEL  FRACTION 
(MEAN  ±  S.D.)* 

PERCENTAGE  DE.NTIN  PARTICLES 

IN  DENTIN  FRACTION 
(MEAN  ±  S.D.)* 

1 

90.9  ±  2.6 

74.4  ±  3.3 1 

8.1..1  ±  5.0 

75.1  ±  2.9 

4 

8.1.8  ±3.1 

76.5  ±  5.0 

89.1  ±  3.1 

73.2  ±  4.2 

6 

91.3  ±  3.4 

78.4  ±  3.8 

8 

93.1  ±  2.7 

84.1  ±  4.5 

10 

93.6  ±  2.0 

75.7  ±  4.5 

U 

92.2  ±  3.1 

92.0  ±  2.9 

14 

90.6  ±  2.3 

91.8  ±  2.4 

19 

94.9  ±  1.0 

92.5  ±  2.0 

20 

93.6  ±  2.2 

82.8  ±  4.4 

.10 

95.8  ±1.6 

72.1  ±  4.2 

♦The  mean  is  an  arithmetic  average  of  ten  values,  each  obtained  by  counting  100  particles 
of  the  sample.  Two  hundred  particles  were  counte<i  on  each  of  five  samples  taken  from  the 
fraction. 


tl.200  particles  counted. 


a  rough  approximation  was  made  of  the  relative  amounts  of  dentin  and  enamel 
contributed  by  the  junction  particles  (fragments  composed  of  Ixith  enamel  and 
dentin).  Duplicate  counts  were  made  on  three  enamel  fractions  in  order  to 
estimate  the  variability  of  the  method  (Table  III).  In  samples  6  and  10,  re- 


Tabi.e  III 

Duplicate  Coi’nts  on  Several  Enamel  Samples 


SAMPLE 

MESH 

PERCENTAGE  COMl*OSITION 

1  ^ 

1  J  1 

D 

1 

60 

81.0 

18.6 

0.4 

1 

60 

90.9 

7.5 

1.6 

6 

100 

91.3 

6.5 

o  2 

6 

100 

90.9 

8.1 

LO 

10 

200 

9.3.6 

4.9 

1.5 

10 

200 

94.9 

4.3 

0.8 

•A  pipette  pycnometer  similar  to  that  described  by  Hrown  anti  Clark'  was  employetl  for 
all  density  measurements.  Ten  iletermlnations  made  u|M>n  a  nuire  ilense  solution  resultetl  in  a 
mean  anil  standani  deviation  of  2.K0i  ±  D.IHIH. 
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Table  IV 


Knamel-Dentin  Separations  Using  Pooleb  Molar  Crowns 
Acetone-Bromoeorm  Mixti'RE,  1)  =  2.700  ±  0.002  Gm./c.c. 


NUMBER  OF  ANIMALS 

CENTOIPUGATION 

SAMPLE 

PER  SAMPLE 

SCREEN  MESH 

MIN.  1  R.P.M. 

1 

4 

rats 

60 

ca. 

2 

1,700 

2 

60 

ea. 

2 

1,700 

3 

60 

ca. 

2 

1,700 

4 

4 

rats 

100 

3 

1,700 

5 

100 

3 

1,700 

6 

100 

5 

1,700 

7* 

4 

rats 

160 

10 

1,300 

8* 

160 

4.5 

1,700 

9* 

4 

rats 

200 

4.5 

1,700 

10* 

200 

5 

1,700 

11* 

200 

5 

1,700 

12* 

200 

5 

1,700 

T  29*  t 

4 

rats 

200 

2-2-5 

1,700 

T  30*  t 

200 

0-9- 

5 

1,700 

W  3*t 

5 

rats 

200 

2-2- 

5 

1,700 

W  4*t 

200 

2-2- 

5 

1,700 

II*t 

25 

rats 

200 

2-2- 

5 

1,700 

24 

4 

rats 

60 

5 

2,200 

25 

60 

5 

2,200 

26 

60 

5 

2,200 

27 

60 

5 

2,200 

28* 

4 

rats 

200 

5 

2,200 

29* 

*200 

5 

2,200 

30* 

200 

5 

2,200 

31* 

200 

5 

2,200 

19 

1 

rat 

100 

3 

1,700 

20 

100 

3 

1,700 

21* 

1 

rat 

200 

5 

1,700 

22* 

200 

5 

1,700 

13* 

7 

hamsters 

'  200 

5 

1,700 

14* 

200 

5 

1,700 

15* 

3 

hamsters 

200 

5 

1,700 

16* 

200 

5 

1,700 

23* 

1 

hamster 

200 

.5 

1,700 

1  PERCENTAGE  COMPOSITION  | 

ESTIMATED  PERCENTAGE 

ENAMEL 

DENTIN 

COMI*OSITION 

SAMPLE 

1  E 

1  J  1 

D 

1  »  1 

J  1 

E 

1  ENAMEL 

1  DENTIN 

1 

90.9 

7.5 

1.6 

74.4 

3.3 

22.3 

95.9 

76.1 

2 

90.7 

8.0 

1.3 

66.0 

5.2 

28.8 

96.0 

68.6 

3 

83.3 

14.2 

2.5 

75.1 

5.6 

19.3 

93.9 

77.9 

Av. 

88.3 

71.8 

95.3 

74.2 

4 

83.8 

13.0 

3.2 

76.5 

3.5 

20.0 

94.2 

78.3 

5 

89.1 

9.9 

1.0 

73.2 

2.3 

24.5 

97.0 

74.3 

6 

91.1 

7.3 

1.6 

78.4 

3.2 

18.4 

96.5 

80.0 

Av. 

88.0 

76.0 

95.9 

77.5 

7 

88.6 

6.0 

.5.4 

81.4 

2.3 

16.3 

93.1 

82.9 

8 

93.1 

5.8 

1.1 

84.1 

2.3 

13.6 

97.4 

85.2 

9 

94.2 

4.2 

1.6 

82.7 

2.7 

14.6 

97.3 

84.0 

10 

93.6 

4.9 

1.5 

75.7 

2.5 

21.8 

97.6 

77.0 

11 

95.1 

.3.6 

1.3 

88.5 

2.2 

9.3 

98.3 

89.6 

12 

94.4 

5.2 

0.4 

84.7 

2.5 

12.8 

99.0 

85.9 

Av. 

94.3. 

8g.9 

98.0 

84.1 

T  29 

91.6 

7.6 

0.8 

84.9 

2.5 

12.6 

- 

- 

T  30 

92.6 

6.3 

1.1 

81.7 

2.5 

15.8 

- 

- 

W  3 

89.6 

9.6 

0.8 

82.3 

2.8 

14.9 

- 

- 

W  4 

89.5 

9.4 

1.1 

82.7 

4.1 

13.2 

- 

- 

Av. 

90.8 

82.9 

(Continued 

on  opposite  pn</e.) 
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Table  IV — Cont’d 


SAMPLE 

1  PERCENTAGE  COMPOSITION  | 

•ESTIMATED  PERCENTAGE 
COMPOSITION 

ENAMEL 

1 

DENTIN 

E  1 

J  1 

D 

1  D 

1  J  1 

E 

1  ENAMEL  1 

DENTIN 

■  n 

93.5 

5.9 

0.6 

- 

- 

- 

- 

- 

24 

88.7 

8.5 

2.8 

83.0 

5.4 

11.6 

- 

- 

25 

89.1 

8.6 

2.3 

89.2 

3.3 

7.5 

- 

- 

26 

91.5 

6.3 

2.2 

85.4 

3.6 

11.0 

- 

- 

27 

92.7 

6.2 

1.1 

83.9 

3.6 

12.5 

- 

- 

Av. 

90.5 

85.4 

95.4 

87.4 

28 

94.8 

4.4 

0.8 

81.8 

1.2 

17.0 

- 

- 

29 

93.4 

5.4 

1.2 

76.0 

1.6 

22,4 

- 

- 

.30 

95.8 

3.9 

0.3 

72.1 

2.0 

25.9 

- 

- 

31 

93.0 

5.7 

1.3 

72.6 

1.6 

25.8 

- 

- 

Av. 

94.3 

75.6 

98.6 

76.4 

19 

94.9 

3.2 

1.9 

92.5 

2.0 

5.5 

97.3 

93.7 

20 

95.6 

1.4 

3.0 

82.8 

3.0 

14.2 

96.7 

84.3 

21 

94.1 

4.2 

1.7 

91.3 

2.7 

6.0 

97.4 

92.7 

22 

93.4 

3.3 

3.3 

87.7 

2.8 

9.5 

95.6 

89.1 

13 

92.2 

7.1 

0.7 

92.0 

3.2 

4.8 

96.9 

93.6 

14 

90.6 

8.6 

0.8 

91.8 

1.9 

6.3 

98.3 

92.8 

15 

89.0 

5.0 

6.0 

93.1 

3.9 

3.0 

93.5 

95.0 

16 

93.1 

5.5 

1.4 

92.8 

2.6 

4.6 

96.8 

94.1 

23 

84.2 

7.5 

8.3 

84.5 

3.7 

11.8 

88.0 

86.4 

Centrifuge  was  brought  to  running  speed  in  two  minutes  and  maintained  there  for  periods 
indicated,  except  for  sampies  marked  t. 

♦Extracted  with  alcohol  and  ether. 

tSamples  were  centrifuged  for  three  consecutive  periods  of  two,  two,  and  five  minutes. 
Material  suspended  in  inner  tube  was  stirred  prior  to  each. 

producibility  was  good  and  did  not  exceed  2  per  cent.  Variation  in  Sample  1 
was  much  greater.  Counts  obtained  for  enamel  were  believed  to  be  more  trust¬ 
worthy  than  those  for  dentin.  Enamel  particles  tended  to  be  uniform  in  size 
regardless  of  their  absolute  dimensions.  A  considerable  portion  of  the  dentin 
always  appeared  as  a  fine  “dust”  and  especially  so  when  teeth  were  ground  to 
pass  the  finer  screens.  The  relative  amount  of  dentin  contributed  by  this  mate¬ 
rial  could  not  be  estimated. 

Detailed  description  of  experimental  conditions  and  findings  are  provided 
in  Table  IV.  Enamel  fractions  were  contaminated  by  relatively  large  numbers 
of  dentin  and  junction  particles;  dentin  fractions  contained  even  larger  quan¬ 
tities  of  foreign  material.  Progressive  decrease  in  particle  size  tended  to  in¬ 
crease  the  purity  of  both  fractions.  At  60  mesh,  the  junction  particles  appear¬ 
ing  in  both  fractions  were  composed  of  approximately  50  per  cent  dentin."  With 
decreasing  .screen  aperture,  the  junction  particles  found  in  the  enamel  fraction 
contained  relatively  less  dentin  until  at  200  mesh  the  average  particle  consisted 
of  from  one-third  to  one-tenth  dentin.  At  the  same  time,  the  junction  particle 
of  the  dentin  .showed  a  comparable  trend  although  the  enamel  content  never  fell 
below  one-third.  Composition  of  the  fractions  in  terms  of  enamel  and  dentin 
was  derived  from  such  estimated  values  and  is  shown  in  Table  IV  under 
Estimated  Percentage  Composition  of  Enamel  and  Dentin.  Mo.st  complete 
separation  was  observed  at  200  mesh  and  1,700  r.]).m.  where  enamel  and  dentin 
fractions  were  98.0  and  84.1  per  cent  pure  respectively.  No  improvement  re¬ 
sulted  when  centrifugation  speeds  of  1,.300  or  2,200  r.p.m.  were  employed  so 
that  200  mesh  and  1,700  r.p.m.  were  adopted  as  standard  conditions  for  all 
subsequent  experiments. 


450  GILDA  J.DRes 

June,  195  i 

Four  specimens  (T29,  T30,  W3,  W'4)  were  subjected  to  intermittent  cen¬ 
trifugation  at  the  time  of  separation.  The  powder  was  added,  stirred  down  into 
the  inner  tube,  and  centrifuged  at  1,700  r.p.m,  for  2  minutes.  The  dentin  layer 
was  restirred  and  the  centrifugation  repeated.  Finally,  the  stirring  was  repeated 
and  the  tubes  were  centrifuged  for  5  minutes.  Additional  material  was  thrown 
down  from  the  floating  layer  during  the  second  and  third  centrifugation  while 
the  enamel  fraction  proved  to  be  slightly  decreased  in  purity  (Table  IV).  Com¬ 
position  of  the  dentin  was  not  altered.  Some  contamination  of  the  enamel  frac¬ 
tion  may  have  occurred  during  the  additional  centrifugation  but  it  is  likely  that 
the  delitin  figures  may  be  in  error  because  of  the  difficulty  of  estimating  dentin 
purity  previously  mentioned. 

FURTHER  PURIFICATION  OF  ENAMEL  AND  DENTIN 

Three  50  mg.  aliquots  of  an  enamel  sample  (Sample  II)  were  fractionated 
at  a  den.sity  of  2.772  ±  0.001  Gm.  per  cubic  centimeter.  ;At  this  density,  most 
of  the  sample  sank  and  tended  to  carry  less  dense  mateHal  along  with  it  into 
the  outer  tube.  In  order  to  avoid  such  contamination,  the  powder  was  added 
stepwise  in  four  or  five  portions  with  a  short  centrifugation  immediately  after 
each  addition.  When  the  entire  sample  had  been  added,  the  tubes  were  replaced 
in  the  centrifuge  and  spun  at  1,700  r.p.m.  for  5  minutes.  Dentin  and  junction 
particles  were  concentrated  in  the  material  which  remained  suspended  in  the 


Table  V 

Fi’rther  Purification  of  Enamel  From  Sample  II 
COMIHISITION  OF  FRACTION  FiXIATING 


AUQDOT  1 

DENSITY 

E 

PERCENTAGE  COMPOSITION 

!  J  I 

D 

1 

2.771 

29.4 

59.6 

11.0 

2 

2.771 

27.5 

65.1 

7.4 

3 

2.773 

24.2 

66.9 

8.9 

inner  tube  (Table  V)  to  the  extent  of  approximately  three-quarters  of  the  frac¬ 
tion.  The  suspended  material  amounted  to  4  jier  cent  by  weight  of  the  whole 
enamel  sample.  Thus,  ap])roximately  3  iier  cent  of  the  inqiurities  of  the  original 
sanijile  were  removed. 


Table  VI 

FI  RTHER  Pl  RIFICATION  OF  DENTIN.  ReSEPARATED  AT  (1  =  2.700 


PERCENTAGE  COMPOSITION 

ENAMEL 

DENTIN 

.  SAMPLE 

E 

I  J  I 

D 

»  1 

J 

1  E 

9 

96.8 

3.0 

0.2 

86.5 

5.3 

8.2 

10 

97.6 

1.8 

0.6 

94.1 

3.6 

2.3 

Two  dentin  samples 

(9  and  10) 

were 

resieved  and  separated 

again  at  a 

density*  of  2.700.  The  enamel  and  dentin  fractions  which  resulted  were  the 
purest  yet  obtained  (Table  VI).  In  addition,  the  total  amount  of  enamel  re¬ 
covered  w^as  surprisingly  large.  Unfortunately,  weighings  were  not  done,  so 
the  yield  cannot  be  expressed  in  a  quantitative  fashion. 
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As  a  result  of  the  experiments,  a  sequence  of  separations  was  outlined  (Fig. 
1)  which  would  provide  rat  enamel  and  dentin  of  high  purity.  It  is  impossible 
to  state  the  total  percentage  loss  or  the  exact  purity  of  the  final  enamel  sample. 
Despite  these  shortcomings,  we  believe  the  procedures  provide,  in  small  samples 
of  rat  molars,  a  sharper  and  more  efficient  separation  than  has  yet  been  reported. 

Crowns  from  4  rats 

I  Powdering  and 

I  sifting,  200  mesh  Loss — 10% 

Powdered  teeth 

1  Separation  with  liquid 
1  d  =  2.700 

I  I 

Enamel  (98%  pure)  Dentin  (84%  pure) 

Separation  with  liquid  Separation  with  liquid 

d  =  2.772  d  =  2.700 

Enamel  Enamel  (99%  pure)  Dentin  (93%) 

^ - Pooled - 1 

Fig.  1. — Procedure  for  separation  of  rat  molar  enamel  and  dentin. 

DISCUSSION 

There  is  reason  to  believe  on  theoretical  grounds  that  the  Manly-Hodge 
method,  originally  developed  for  human  teeth,  might  not  yield  as  satisfactory 
results  when  applied  to  small  rodent  molars.  Human  enamel  attains  a  maximum 
thickne.ss  of  about  2.6  mm.,  while  rat  or  hamster  enamel  does  not  exceed  0.1 
mm.,  so  that  the  human  tooth  supplies  a  much  greater  volume  of  enamel  per  unit 
area  of  dentin-enamel  junction  than  does  the  rodent  tooth.  Consequently,  a 
higher  percentage  of  junction  particles  would  contaminate  rodent  enamel  frac¬ 
tions.  The  validity  of  such  speculation  has  been  established.  Average  per¬ 
centage  of  junction  particles  for  all  samples  from  four  or  more  rats  is  7.1  which 
represents  a  ninefold  increase  over  the  average  of  0.8  previously  reported*  for 
human  enamel  fractions. 

The  corresponding  dentin  fractions  contain  an  average  of  17.2  per  cent 
enamel  in  comparison  with  a  reported  value  of  1.1  per  cent  in  human  dentin. 
The  explanation  for  this  finding  is  by  no  means  clear.  It  is  knowm  that  rat 
enamel  is  less  dense  than  human  enamel  and  contains  fractions  whose  density 
is  in  the  neighborhood  of  that  of  the  dotation  fluid  used.®  Displacement  forces 
acting  upon  these  particles  during  centrifugation  would  be  small,  and  so  they 
may  become  trapped  in  the  relatively  voluminous  dentin  layer.  Notably  reduced 
enamel  contamination  in  several  very  small  samples  (Samples  19,  21,  and  22) 
seem  to  support  this  idea.  Whatever  factors  are  responsible,  reseparation  at  the 
identical  density  serves  to  remove  almost  all  of  the  enamel  from  the  dentin 
samples. 

These  observations  offer  a  convincing  demonstration  that  the  Manly-Hodge 
flotation  method  should  be  used  with  some  caution.  Purity  of  fractions  should 
always  be  determined  whenever  the  teeth  of  experimental  animals  are  subjected 
to  the  procedure.  This  is  especially  important  where  analyses  are  made  for  sub¬ 
stances  which  vary'  widely  in  concentration  in  the  component  parts  of  the  tooth. 
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SUMMARY  AND  CONCLUSIONS 

The  Manly-Hodge  flotation  method  was  used  to  separate  enamel  and  dentin 
in  small,  pooled  samples  of  rodent  molar  teeth.  A  single  separation  under  con¬ 
ditions  customarily  employed  for  human  teeth  resulted  in  considerable  con¬ 
tamination  of  both  enamel  and  dentin  fractions.  Two  simple  refraetionation 
procedures  were  devised  which  increased  the  purity  and  completeness  of  the 
yield.  The  conclusion  was  drawn  that  the  Manly-Hodge  method  should  not  be 
applied  empirically  to  the  teeth  of  experimental  animals.  Determination  of 
purity  is  always  indicated.  This  is  especially  important  where  analyses  are 
made  for  substances  which  vary  widely  in  concentration  in  the  component  parts 
of  the  tooth. 

The  author  wishes  to  express  his  gratitude  to  Dr.  Harold  C.  Hodge  for  his  encourage 
ment  throughout  the  course  of  this  work  and  for  his  appraisal  of  the  completed  manuscript. 
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Specify  Trubyte  Bioform  Teeth  for  your 
next  full  or  partial  denture  and  observe  in 
the  mouth  the  tremendous  improvement 
that  is  represented  by  their  development. 
You  are  certain  to  agree  that  never 
before  have  you  seen  artificial  teeth  as  afive 
and  as  natural  looking  as  Trubyte  Bioform. 
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the  first  "vacuum  fired  porcelain"  teeth 


NEW  IN  EVERY  WAY 


Actual  copies  of  attractive  natural  teeth 


•  Each  size  a  duplicotian  of  another  set 
of  natural  anteriors 


•  Harmonize  with  the  outline  form  of  the 
face,  profile  and  cheek  planes 


•  "Vacuum  fired  porcelain"— denser, 
stronger  and  more  "alive"  in  appear- 


•  New  blends  in  Trubyte  New  Hue  Shades 
—  react  to  all  lights  in  much  the  same 
way  as  do  natural  teeth 


•  The  shades  are  appraximate  reproduc* 
tions  of  Trubyte  New  Hue  Shades. 
There  are  slight  variations  in  the 
shades  of  Trubyte  Bioform  Teeth  as  is 
characteristic  of  fine,  natural  teeth 


•  New  pin  position— increases  the  reten¬ 
tion  of  the  tooth  and  adds  to  its  strength 


